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BWR SYSTENS
LESSON PLAN
LoLAL POWER RENGE MGHITOR éL?Rﬁ) SYSTZH
REFERENCES
1. BWR Systems Manual - Chapter 5.3 o —
2. GEK 32551 - Power Range Monitoring System - Brown's Ferry
3. GEK 32552A - Power Range Néutron Moniforing System Compcnents
Brown's Ferry ; . o
4, MNEDO - 10806 - Reactor Fundamentals Training Manual - Volume 6.
.57 GEI - 92823B - Nuclear Engineer's Manual
€. Final Safety Analysis Repoﬁt‘-:Browh'éﬁ?erry Nuclear Plant
7. Brown's Ferry Procedures h - V
z. Ooerating Instruct%on 0.1. 92
b. Tecnnical Instpuction‘T.I. =2, #5, £1]
z. Cord File - 5.3 )
ORJECTIVES
1. To understznd power in core, neutroﬁ monizoring instruments (LPRMs)
I, Ts undersianc ircicetors, alarms end interlocks origineling in
~he _FRM zucsystem.
3. To uncerstenc administrative and related LPRi Technica
Soecifications
SRIEF DESCRIPTICH ) -

3. Subsystem of power range monitoring systien which consists of:
Power Rance !foniters [LPRMs)|
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3} Rod Block Monitors (RBMs)
Continuously monitor local thermal neutron Tlux
Alarm on excessive flux condition

Assist in the evalhation of local heat flux conditions
and calculation of Minimum Critical Power Ratio (MCPR)

Provide local power indication inputs to the APRM and
RBM subsystems and Process Computer.

General Description (Figure 1)

a.

(@}

(1]

Detector

1) Purpose - Detects local thermal neutron flux and converts
it to an equivalent analog current signal.

2) 172 detectors in core

"Detector Assembiy (LPRM String)

1) =ouses 4 Local Power Range Monitor (LPR!) detectors,
cetector cables and calibration dry tube for Traversing
In-core-Probe (TIP) detector.

2) 22 assembliies in core

Power Supplies

1} Surpose

y Srovide detsctor bias

fu

2) Provide amplifier, incication and trio unit oower

[AS]
~

Loczzad in Fower Range onitoring System cabinets in tne
control roocn panel 9-14. :

Tux “mpiifier
Y Syrpose - Converts detecter current signal to an anaicg
voltage signal.
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1) Purpose - Provide alarm signals upon abnormal conditions
2) Located in Panel 9-14. .
E. COMPONENT DESCRIPTIONM
1.; Detector‘(Figure 1)
a. Fission Chamber
1) Similar to SRM and TRM with minor differences
2) 2.0" long (sensitive lengfh) x .23 in diameter.

: é) U2350g (90% enriched) electroplated to outer electrode
(8ase?, approximately 1 milligram of U235 per detector.

4) Argon filled to-1.3 atmosphere (91.5 cm Hg.,19.1 psia)
8) lonization Chamber
b. Operating Specifications

1) - Operating bias (DC vo]tége acress electrodes) 75 - 200V
DC normally set at looV OC. ’

2) ﬁeutron sensitivity 1.0 x 10-17 ambére/NV'at beginning
of 1ife decreasing approximately 103 per 300 MWd/t
average core exposure due to uranium detection.

Gamma sensitivity 2.0 x 10714 amperes/R/hr. - Doesn't
chenge with 1ife, as it is not affected by uranium
depietion, but is a functicn of &rgon pressure. which
does not change with 1life.

(a}
N—

2} Beginning of 1ife sensitivity

N so:

z) Maximum neutron flux in core +“1.3,.x 10
= 1.3 x 10-3 ampere

1.0 x.10-17 ampere/MV x 1.3 x 10748y

5) .Hence maximum expected detector current from neutrons
= 1300 microamps.
c) Maximum yfjux-in core 6.5 x 108R/hr. so: 6
2 6 x 10-124 amo/R/hr. x £.3 x 10%R/hr. = 13 x 107° amp
-V Hzece mexiTum 2xoected eTsCIoY luvrent Senh CammEs
= 73-microamps

¢' 3Seginning of J1ife neutron 10 cama sicnal ratic 10C:1.
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[8)]
——

End o7 117z sensitivity

g) ™ininum uszble full scale detector current is
75 microamperes.

b) Gamma current, being a function of argon gas
pressure, doesn't change with life, so remains
at 13 microamperes.

¢) End of life neutron current is then 75-13 or
*. 62 microamperes.

-d) End of 1ife neutron to gamma signal ratio ~5:1.

e) End of detector life criteria are based on current
output and neutron to gamma signal ratio.

(1) Current drops too low, gain cannot compensate

{2) 1f gamma is too high, response is not good %o
changes in power, since a*

€) Detector assemblies in high flux areas must br Fe lace
at approximateily 3 year intervals. (~3.73 x 102 “VT)

2. Detsctor Assembly
a. Locations

1) HNarrow-narrow gaps (Figure 2)

n0TS: Sozcings {water gass) tetween Tusl hundiss zre
rnoT 211 tne sare
a) The gaps wnhich the control rods fit into are wider

than the gap caused bty the top guide.

b} The center of the control rods are at the intersection
of the wide gaps (called the wide-wide water gas).

¢) The neutron instrumentaticn is at the intersection
o7 the narrow gaps (hence narrow-narrow 3ap,

d) Mothing is located in the wide-narrow gaps.

r= agwstan iC:.
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¢) Rod patterns are symmetrical.

d) Therefore flux patterns are symmetrical.

e) LPRM assembly locations are'not symmetrical.

f) Instead, assemblies-are positioned so that every
1ocau1on or its symme;rlca] counterpart in another
quadrant is monitored. = :

g) ~This symmetry -is shown by phantom symbols in upper
right quadrant of F1gure 3.

3) Axial Locat1on (F1gure 4)
a) Located to give‘best estimate-of axial ffux profile.

b) Level Desianation '~ Location-Above Bottom of Active Fuel

b - B 126"
C gou
B Sdll
A ]8"

c) Assemb]ies are fixed in core-and:do not.retract like
SR and IRM detectors.

Mechanical Description of Detector Assembly (Figure 5)

) 304SS tube, hporoximateiy L2 feet overell length.

(31 ]

[$)]

~——

“nstzlled into in-core cuids tube Trom goove
Top is soring loaded into recess in zop guice.

Bottom end sealed into thimble with three seals

[o 1]

) Thimb1e sea]ed to f1ance with "0" ring.

o
~—

Jetector sea1ed netal to metal into mating
in thimbie. )

c) Moisture sealed out of connection sleeve with tefion

seal compressed by nut.

(o

su

- . . e ee. P . o
"D -iube-connected with fizre TITUIIAC 2T DOGLICW.

face
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Cross Section (Figure €)
i} 0.700" 0.D., 0.640" I.D. (.D30" wall thickness)
2) Contains
a) 4 LPRM detectors
b) Detector cables
c) Dry tube for TIP detector transit
Power Range Neutron System Cabinets (Figure 7)

a. Purpose - Contain all circuitry associated with the Power
Range Neutron Monitoring System

b. Location - In control room, Panel 9-14.
- ¢. YHold LPRM bias supplies and zmplifier cards

d. Hold APRM Channels A-F, LPRM Channals A+B, RBM Channei
A+B equipment.

e. 5 Standard Equipment Racks

1) <tach rack holds 2 Channels i.e.

']

) 2 APRM channels, or
) i

b i LPRM channel and 1 L=RH zvoup, or

~
s
-

't channels

Yl
tn

h channel made up of Two card racks calied pages
icure &)

nCTZ:  Printed circuit card rack cali
front pace swings out like a p

(D

2} TFront page contzins L7234 arplifier cards.
b) Rear pace contains cetecior bias suppiies.

¢) ieter cn front ncage =xtznds through cabinet docr.
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)
S

Number of LPRM ampl1.1er cards in APRM channels cr
LPRM groups: Coe

’ Channel - Number:
APRM Channel A 2l
APRM Channel C 21
APRM Channel E 21
APRM Channel B 22
APRM Channel D 22
APRM Channel F - 22
LPRM Channel A 21

B 22

LPRM Channel a2
- 172 total cards

’ “4) The 172 amplifier cards correspond to 172 detectors in

core.

5) No LPRMs are assigned to the Rod Block Monitors and
hence no LPRM cards-are contained in the RBM pages.
The RB!s selectively use outputs Trom gll_LPPMs assicnec
- to APRM channels and LPRM Channels.

Power Supplies

a.

Sources

1} Al power for LPRH r1rcu1LrJ is supplied from the APRN
or LPRM channel to which it is assigned.

Z} There is one bias {(high voltaoe) supoly Tor each LPRA
(ea:n detector). A3l other DC ocower suppiies are
cor—on to 211 L°RMs assicred to en APRM cr LPRM grouc.

3} The bias suppiies cet pewer from the page into which they

are inserted.
zizs Supply

) Suppliies high voltage to cezector

7} VYariable 75 - 200V DC (normally set at 100 voltis),
at & maximum load c¥ 3 ma.
isigr 9r1nt°d Circuit Card (F1ﬂure 1)
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1) To convert small detector cutput into signal large
enough to drive trip units and indication downstream.
2) Converts detectcr current output signal <o gnalog
voltage signal of 0 - 10 volts DC which normally
corresponds to fgel cladding surface heat flux of
0 - 125 watts/cm“.
Ranges
i) Amplifier has 3 ranges to accomodate depietion of uranium

.
-

nNy
~—

w
~

§ LozGaing
“MediGain

in detector over its lifetime.

'Range Input Current for 10 Volts OQut  When Used

% R k]

..+ - Beginning;of Vife
i 2 is:Middieof . Tife
Hi Gain 50 - 2500A End of-life -

Selected with range switch using a screwdriver.

Adjustment over range made with gain adjustment
potentiometers (also by screwdriver)

function Switch S-1

1
2)

w)
~

fa
~

Location - Front, top edge of amplifier

Purpose - To ailow for caiibration of LPRM ampiifier
L . . e .
and tor bypassing inoperative LPRi.

Three sositien

()

ay (Operate)
5} € {Calibrate)

v (Bypass)

w

c)
Three decks {section) SLA, SIS, SIC

211 decks operate together when thumbwheel is “urned.

b) StA on output of flux amplifier.
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Operate Position

a) SLA - Connects flux ampl{fier to averaginc circuit,
Z5W celect matrix &nd procsss COMDUTEr.

U

b) SIB - Connects - 15V to.count circuit through resistor
giving current s1gna1 .to count amp11f1er (count circuit
part of APRM system) and-15V to averaging circuit

. (par+ of APRJ system) -

]
Pt

c) §19.- Connects detector:cdrrént from power supply
to flux amplifier.

6) Calibrate Pos1t1on

) SEA - D1sconnects output of f]ux amp11f1er from
averaging circuit, RBM select matric and process
omputer. .
b) SIB - Sends -15 volts to calibrator, 1nt°rrupts
=15 volts to count 2nd averaging circuits.

c) SIC - Connects output of calibrator to input
of flux amplifier. -

d) Output of flux amplifier can now be read on
nanel meter during calibration without effecting
computcr, APRM or REM 1nd1cat1ons

7) Bypass Position

a) SLA - Same as czlibrate position.
o) SiB - Sends -15 veits tO>Lfid inhibit circuit
which inhibits upsceie and downscale trips and

generates bypass signal.

¢) SIC - Szme as-Caiibrate.

Q

utputs from Flux Amplifier

j  APRM Averaging Circuits

a) LPRMs essigned to LPRM chcnne1s A + B do not go to
~en averaging circuit, -The PR channel paces Turnish

aguer, =ut ne zverzte CUTIUS ic orscucs:.

©j This-arrzngement 1S CEC2USE oniv six AFXMs zre
necessary, and the LFRY channeis house znose LF=Ms not
used py APRMS
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Process comouter for use with traversing In-core
Probe System to establish core fTlux shape.

Rod

(Y2

tock Vicnitor Systam

a) Signals all go to a relay selection matrix

(discussed later under Rod Block Monitor System).

b) Isolated by buffer amp]ifiér to keep select relay

noise from being backfed to the APRM input from

‘the select matrix.

4) _Panel Meter Selection Switches

Individual LPRM outputs can be displayed on meter.

~ (Discussed further under APRM presentation)

5) Upscale and Downscale Trip Units

Y

~

[$]]

[§1]
-

= Ac+yal LPRM uoscale trip set:t

Trip Units

1) Located on Amplifier Card
2) Operate by Comparing Reference with Input Signal.
3) Two types -

a) Upscale trip
b) Downscale trip

Upsc

zle
afzreng

rip unit trips ynen input rises above
1360 wazts/cme T

m ¢t

S

Downscaie trip unit trics when input falls below
reference (3 watts/cmé).

Soth tTrio units nhave two types of outpuls.
2) Seal-in {(must be manuzlly reset

b) Auto Reset {Reset as soon as input rezurns 1o
normal range.)

3 O Q.
2 ade
-h

h

'+ (D

ct M ctk
"yt <h

[S N1

in2 are gt Cn The T
arw rog sscrent Tne L oC

TR B 1
O N3

Gy Yy o
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al-in outputs drive local indicator 1ights located
or Panel 9-14.

o)

~
(]
[
ct
3
[ &
ct
tn
a.
-
-
<
(1]
]
-
[[n]
=5
(34
tr
Q
o
-k
[ oo
-t
-
(8]
(S ]
=
n
(g8
-
(7]
v
-t
[<l]
<

F. INSTRUMENTATION
1. Panel 9-3.
a. Full Core Display (Figure 8)
1) 2 alarm lights for each LPRM detector

a) Amber Tight (Hi)
Upsca]e trip 100/125 of scale

b) White light (Lo)
Downscale trip 3/T25 of scale.
Z)} Botn are auto reset.
b. Four Rod Display (Fiéure 10}
1) 16 LPRM Output Meters
2) Puroose - To display the Tour LPRIM string outfuts

=round the seiected rod, showing local fuel ciadding
surface_heat flux indications.

5} Inout LPR!s are seiectec by Roc 2jock ionitor
<sstem selection matrid.
¢} Ciazibrated 1n watts/cm? (fuei cladding surfece heat
flux), not % power.
2} 16 .nite "LPRM Bypassed” lights Beside Meters

g Il1umipated whehe&gr’LFRM output to RBM is bypassed

5) Svpess c0ﬂd1b1ons d1scuss-d in de=ail unaer RB!! System.

{13
)
A
73]
i
(&)
ot
-4
[P
3
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(1) White light

{2) Il1luminated when function switch on LPRM card
in bypass.

b) Center Light
(1) White light

(2) Downscale trip indicator - seal-in (setpoint
3/125)

¢) Right Light

(1) Amber light

(2) Upscale trip indicator - seal-in (setpoint
100/125)

Label Under Lights
a) indentifies LPRN 2 Yays
(1) Core location

(2) Meter selection switch position

o
—~—

jzter under panel meter) positicn for the LPRI.
¢} Letter indicates 2 Things

!1)} Meter function switch Cosition

(2) Axiai level in ccre.

d) Last 4 numbers (xx-xx} indicate LPRM string position

in core.

Cther lights (associated with LPRM) atop $-12 will be
discussad under APE! System.

Three different meters are used.

First number indicatzs LP2M Selector Switch (described
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—

3)
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c} One for Rod Block Monitor

The one shown here is an APRM meter. A1l three will
be discussed in detzil later under &PRM and 20d Bicck -
Monitor Systems. t

Meter Input Selection

a) The meter is usually left to read APRM output, but
can be selected to read the output from any LPRM
assigned to that APRM.

b) To read individual LPRM output:

(1) Set function switch to.level (axial core height)
that LPRM of interest is located at (A, B, C or D)

(2) Set'LPRH‘se]ector switch to number corresponding
to first number in label under associated alarm
Tights on top of Panel~9-14 (numbers go from
1 to ).
c) The meceE will read level clad surface heat flux in
watts/cmc on the 0 - 125% scale.

LPEM Bypassed Light (Figure 12)

¢ Indicates LPRM selectea with functicn -41 Hes and
displayed on meter is bypassed.

“eter Expand Light -

1

-
= 1)

e then the dizi
cn in AFRIG.

_.l (]
ot (D
~

s meter is 10 x ~vore sensitiv
icn indicates ‘czusec oy swit

[T ]

ice
ibr

n-o

Trip Reset Pushbutticn

' Resets all seai-in <rips on tocp of ‘pznel associzted
with that APRM or:LPRM group: -

2or Amplifier Card (Figure 1)

Function Thu'nbxheel Switzh
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{3) By ({Bypass)

5) Allcws LPRM to be removed from APRM input Tor
calibration or if it has Tailed.

2) Gain Switch

a) Three Positions

(1) Hi
(2) Med
(3) Lo

b) Allows change of éain adjustment range to compensate
for depletion of U235 in detector.

3) Gain Adjustment Potentiometers
2) One per range of gain

b) Adjust gain or flux amplifier to compensate for
burnup.

¢) Allows calibration of individual LPRI's.

G. RELATIONSHIPS TO OTRER SYSTEiS

3
[

(8]

Power Supplies

A

=) 211 oower suodpiisd “rom relazed APRM or LP3M group.

-——
e

Sys=zm Cutputs (Figure

g. R8N

o}

5. APEM (if assigned to APRM)
c. rrocess Cemputer

d. 3acx Pzrel 9-1£ Meter

e. Trip Indication to Full Core Display and Top of Panel 9-14.

- - - - [aRa Ll Y - - - -m e T A EEals)X] jaja))

3 Troivigual LPR's are oeowered fron zssociezed APRM or LPRM
Thanne;

i AL el - PRI APy VA (. IS~ - -

- StziorzTion.Zurrent Trom oAr-t or ' 2R Channel ‘Discussec under
-nET 3rsIsSntation,
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4. “echenical intertace

=. TIiP uses dry tube in detector assembly when traversing
core.

H. TECHNICAL SPECIFICATIONS

1. There are no technical specifications that apply to the LPRMs
except as they zpply to the APRMs and RBM. (APRM and RBM

covered in & separate lesson.)

P
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8. Brown's Ferry Technical Specifications.

Revision

Date

BYR SYSTE!NS

LESSON PLAN -

AVERAGE POUER RANGE MONITOR (APRM) SYSTEM
REFERENCE

1. ‘BUP Systems ”anua\ - Chapter 5.4,

2. GEK - 32551 - Power Range Ion1tor1ng Sysuem - orown 's Ferry

—

3. GEK - 32552A - Power Range Mon1tor1no System Components -
Brown's Ferry.

a4, G:K - 139568 - APRM Flow and Aux111ary Un1t

5. Final Safety Analysis Report - Broun 3 Ferry Nuc]ear Plant.
6. BEK - 32556 - Reactor Protection Systen - Ergwn s Ferry
7. Brown's Ferry Procedures

a. Operating Instructions - OI G2

b Surveillance Instructions - 2.1.8-1, £.1.B-2, 4.1.B-15.

c. Technical Instructions TI 6.

——r———

~n= ——ypim - N -
AzCECTIVES

unctional understancing of APF¥ Sysiem desicn and

- Yncarstand 211 PRV glarms, trips and interiocks.

ztiv
associated with the A?RH System.

o YandmAnde
- - b - [

and Technical :Scecification reguirements

"
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Tne design of the APRMs shell te such that for tne worst
sermitted input LPR!M bypass conditions, the APRMS shall
=2 czzable of cenerating a scram “rip signai in response
z0 average neutron flux increases resulting from abnormal
operational transients in time to prevent fuel damage.

The design of the APRMS shall be consistent with the re-
quirements of the safety design basis of the Reactor
Protection System.

The APRMS Ehal] provide a continuous indication of
average -reactor power from a few percent to 125%
of rated reactor power.

The APRMS shall be capable of providing trip signals
for blocking rod withdrawal when the average reactor
power exceeds pre-established limits set to prevent
scram actuation.

The APRMS shall provide a reference power level for

-2se in the Sod Block i‘onitor Subsystem.

System Description

d.

APRM Systeﬁ receives inputs from:

-\ )
.} LPRM System

+

Z2) Recircuiation System flow elements

‘ne APRM Systiem cenercties

- -

. indications of core bulk znermal pcwer.

z)} Signal proportional to totel recirculation Tocp Tlow.

- ..

3 Fiow bizsed rod blocks ang scram trips {with mcde
iten i .

seg

n Run)

2O0TS: Flow biasad means trip setpoints are a function
of recirculation {low.

2) Constant power rod blocks and scram trips (with mode
switch in Startup and Refuel.)

- ~ 2 s amAd < PR ' - v\ egas
z cOWLRSZ2 2 2nG TncTerzElaive JNCD) TYygs.



- 3 -

Z) ‘“eters on Back Panel S-14.

3) Process Computer

) Rod'Block Monitor System (reference APPM input)

) Reactor Manual Control System (Rod Blocks)

) Reactor Protection Syétém (Sé?ém'trips) |

d. ~ APRM System consists of 6 AP@H’chgppe1s (A + F) (Figure 1)

e. Basic Cpmponenis (FigureXZ)

1) Averaging circuit - averages :assigned LPRM inputs to
. give output signal proportional to core bulk thermal
power.’ o TR e

t
i

2) ‘Count circuit - Produces output proportional to number
. of assigned LPRMs active (not bypassed with thumbwheel
“switch). " .

3} Fiow converter --Produces output sigrial proportional to
recirculation loop fiow.

~

I>
-~

Trip urits

a) Compare average core power signal with recirc loop
flow signal to give flow biased trips in Run mode.

5) five constant power trips in Startuo mode.

on

inpator - Produces calibration current Tor cziitreting
sagned LPRMs.

[R))

' Indication
&) Recorders shared with IRMs on Panel g-5.

»)* ieters on panel S-1Z. T

COMPOMENT DESCRIPTION

&

L PRM assignments to APRM Channels and LPRﬁ Channel.

i

- . —— -~ . . . . -

z LTIy _SRMg 2zcgicnec Channel
-- - - [N 3ol ~a - " - -
z3 AFBM Chennel 2, € zna ¢
- ™mrsd Y - < N
21 L5824 Channei A
~m nmEes [ " n - -
zz ABRM Chznnel B, 2 end r

1~y [ « o~

T2 L2PM Channetl ©



e b~ AL

E. lieth

1)
2)

3)

5) .
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:0ds of Assignment (Ficures 3 and 4)

Orderly pattern across core.

Selected so every APRM will give good core average
power signal.

Assignments are symmetric on diagonals through LPRM
string at core location 32-33.

APRM Channels A, C and E and LPRM Channel A on one set
of diagonals.

"APRM Channels B, D and F and LPRM Channel B on the

alternate set of diagonals.

Each LPRM detector assigned to only one APRM or LPRM

‘vChannel and substitution between APRMs and LPRM Channels

cannot be made.

c. -Reason for LPRM Channels

1)

(A%
~—

[¥8]
~—

172 detectors need to properly monitor local flux
patterns in core.

Approximately 20 LPRls needed for each APRM Channei.

Only six APRM Channels needed:

a) & needed for 1 out of 2 twice logic.

bY Cther two needed so that one APR! in either RPS
cnannel A cr 5 can e sypassea ToOr maintienance
during normal operation.

¢) Extra LPRMs needed for local ccre monitoring bus
no* neecdecd for APRM inputs are assioned to LFRY

Crannels.

LPRM Srouns are assigned to APFM System since they
also receive pcwer from RPS Buses.

2. Averaging Circuit (Figure 2}

a. *=urnese

i)

~his sicnal, which is 2 ccre averzge neutron Flux sicnai.
is calibra+ed so sha* O - 2 v0izs corresconds to 5 - 125
¢ rzzed core nermal ocowew (3133 T, .
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b. Gperation
1) Each LPRM signal has its.own input enc Teedback resistor.
These resistors are connected to the averaging amplifier

3)

4)

3. .Count Circuit
a. Purpose - To generate a signal which is used to:
1) Indicate the number of LPRMs assigned to an APRM
. Channel that are in Operate.
-2) Generate ah Inop trip if the number of LPRMs in Operate
is too low.
2) This trip is required to insure that the APRM cets
a representative sampling of fiux across core.
b} At least 14 of tne LPRMs zssicred 1o an APRIN must
be in Cperzte.
. Operation
1) Ezch LPRY sends the count circuit e fived current signal
when its function swizch is in Operate.
z) Count emplifier changes current inputs to voltace output.
3) Feedback resistor sets gain of emplifier so that each
current input will yield 5: on meter scale which cces
from 0 to 125% (meter circuit described later).
2. Tlow Converters znd Flow Arithmetic Uniis
s, Zuecgse - Tg.zrovide ficuw sigrzl fov gez in setiing Tice
Sizc26 rod block and scram trio TuncTions

s

by a relay which is picked up when the LPRM "thumbwheel"
function switch is placed in Operate.

The.additional feedback.resistor added when an LPRM is
placed in Operate decreases the amplifier's gain just
enough to offset the increase in output caused by the
additional input signal.

This keeps the output’sidna1 equé] to the average of
those LPRM inputs feeding the averaging amplifier,
regardiess of how many 'LPRMs are bypassed.
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1) Flow Arithmetic Unit

a) Gets 10 - 50 ma signals from flow elements in both
recircuiation loops.

b) Takes the square root of each signal, developing

at 10 - 50 ma signal linearly representing 0 -125%
flow.

¢) Sums signals, so that both arithmetic flow units develope
total recirculation loop flow, which is the sum of
A and B loop flows.

2) "Flow Converter Unit

a) Converts this signal into 0 - 10 volt signal which
corresponds to 0 - 1253 flow.

b) Outputs of converters are compared as a check on
proper operation.

¢) if either varies from the other by 10% it will
generate a trip causing a flow converter Inop
Rod Block.

[
—

1< either converter ouiput reaches 110% it will 2lso
cenerate a trip causing a fiow converter Inoc ed
8lock.

" ¢. Arrangement

"} Cnls two fiow converters <ctal, both shown on Fizure 2.

~ny

Flow converzers Unit A feeds:

V' APR! Channels A, C and &

[ I}

~ee\

20d Siock Menitor (R3!%) Channei A

[®]
e

-t

3 flew converters Unit B feeds:
a) APR!l Channeis B, D and F.
h) RBit Channel B8

-
-4
s
[ Sy
i}
-d
ot
(7]

(e U]
(Y]
-3
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To provide scram signals to the Reactor rFretective
System or Rod Withdrawal Block*signals to.the
Rezctor 'anual Contirol Sysiem when & measured
parameter exceeds (or drops below for downscale
trips) a preset level.

2) To pfovide Inop trips upon detection of malfunction
internal to system circuitry.

Operation
1) Input sigapl is compared 'to refereénce signal.

a) On upscale trip, unit will trip.when input exceeds
- reference.

b) On downscale trip, unit wi]i trip when input falls
below reference.

2) Each trip unit has two outouts.
a) Seal in

(1) Output stays tripped until ‘reset by pushbutton
on local panel. ;
(2) Drives local alarm lights.

¢

b) Auto Reset ° -

.-
R

{1} Outsut resets as socn as Trip conciticn ciears.
(2} Drives alarms on Panel.
(3) Feeds Reactor “znual Control System or Reactor

Protaction Svsten.

-¢ and 3ias Circuit {Figure 2)

wn

Purpese - Provides flow biased reference for APRI Hi and
5i-Hi trips. - ;

" Operation (Figure 5)°

tanal from flcw converzer into retaranc

[{U

TV Converts flow signa
Zincsien 25 shewn on Fizurs S. .
2, ith no flow, scram reference fHi-Hi referance) is 2-%.
- ] - 1 ol AY 2 anc h
20c Siock reference (Hi reference; 1is 2.
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Both reference functions rise linearly with flow
until flow signal reaches 100%, when scram line
reaches 120%: and Rod Block line reaches 108%.

Hence, both lines rise 66% while flow rises 100%,
so slope is .66% x recirculation flow (V).

The flow biased scram signals limited to this value
and cannot go above 120%.

7. Mode Switch Contacts (Figure 2)

(€3]

a.

(8

Purpose

1)

[AV]
N

w
~—

The mode switch modifies trips and interlocks consistant

with the mode of reactor operation (Run, Startup, Refuel,
Shutdown).

The safety limit for core thermal power below 8C0 psia
or iess than 10% of rated core flow is 823 MWt (~25%
rated thermal power).

Reactor will scram if mode switch placed in Run with
reactor pressure less than 850 psig due to MSIV closure
and resultant scram.

Scram trip reference is fixed at 15% when the mode
switch is in other than the Run position where the
reactor can be less than 800 psia.

de switch interlock here assures that reacior
10t axceed 13- wnen rezctor pressure is telow

“ith “he mode switch contacts ocen {mcde switch in Startup,
Ze“uel or Shutcdown) Fixed reference sicnals (127 Rod

3lcck, 15% scram) are generated by resistive voltage aividers
and fed to the respective trip units.

With mode switch contacts closed (mode switch in Run), the
flow biased reference overwhelm the voltage dividers and

—_—y - o -y W} - -~ PR
gyan TNQUCHh Tnhgy ere S v nec : .

- -

r ‘Jne per AP’ Channzi or LPRM Chznnel, 3
\
!

i

otaly
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>urpose - Provides a-calibrated current signal for use in
:;;‘bratinq LPPM fluy amplifiers to compensate for detector
aepietion due to Uranium burnup.’

Cperation

1) -Operates on the theory that fixed voltage across a
Fixed resistor will produce a.fixed current signalz

2) Generates a carefully regulated 110 volt signal.
3) 10 volts fed to a precision resistor assemblywcontr011ed

by thumbwheel switches. Read on meter by depressing
"Monitor" Switch (Figure 9), adjusted by "Adjust" Control.

Current output from this a§semb%y is variable from 1
to 3999 microamperes (uA or 107°A) in steps of 1 vA.

current output wA is-equal to number dialed into
-humbwheel switches.

Qutput current directed to preper flux amplifier by
selection switches discussed later under controls.
7y Calibration of LPRls will be discussed under Traversing
"n-Core Probe (TIP) System. :

Ri* Calibration Devices (Figure 9)

awer Test - with APRM cperate switch

- In "P4R Flow" Test posizion

ne

, ~gTion as described above for "Power' test.

Tow" adjust is substituted for recircy]ation flow
to the slope and bias circuizs.

ot
p )
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a) APRM Channels A, Cand t
o) LPRM Channel A
c) Flow converter Unit A

d) This includes all local indications and LPPM Hi
and Lo lights on full core display.

2) RPS Bus B supplies 120V AC to:
.a) APRM Channels B, D and F
b) LPRM Channel B "
c) Flow converter Unit B

d) This includes all local indications and LPRM Hi
and Lo lights on full core dispiay.

3) Instrument bus supplies:

a) Hi-Hi, Hi, Downscale and Bypass 1ights on apron
section of §-5.

£) Uninterruorible Power supplies recorder DOwer.

b. Distribution

1% Intarnal power suppiies lccated in Power Pange Monizoring
czhinets “rans<orm and rectify 120V AC RPS bus voltacge
in=s suitecle voltages for iccic 3nd indicator 1ignis

2} Zach APRM Chanrel, LPRM Channel and flow converters nas

jts own power suppliies.

(O8]

5 “he APRIl or LPRM Channel suoplies furnishes power 5 ~ne
zssociated LFRM circuit cards and detector bias su22lies.

INSTRUMEHITAVION

Control Room instrumentation (Panel $C2-3)

I1senm Device Ranage
Tore tnEtmE) Sacorcer (50 fo. 1237 rzted therTei
Tore snzeE 2COrce £ 3 237 rzte
{ - S - - 'f‘\nr uﬂ-\‘
SowE” {snared with =V sower 132323 1Mt
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Significant Alarms, Interlocks and Trips

a.

Control Room Annunciators {Panel ©-5)

..15% (other than
<Run mode)*

*Inop Trips Listed Inder Trips and Interlocks Below.
Elarms Other than Annunciators

1) A1l alarms on Panel 9-5 are autc reset; all loczl
are sezl in and must te manuzlly reset localiy.

(RS}

oints for zlarms will be outiined under trics
rlocks, so they will not be mentioned here.

(93]
——

fach APRM has a set of tour alarm lichts on Panel
zpron section beiow recorders:

a) Hi-Hi (Red light)
b) Hi (Amber light)
c) Downscale/Inop (White lignt)

) Bvpass {White light)

(8

.
-
s

Z {

' has £ fije lizn7s ¢cn ne 2o o7
g ure 6):

et

| I 41
- ()
wr
<

—ﬂ "
-t ‘()
e 1

wyin

, Hi-Hi ‘Red,

(3]

Annunciator Setpoint Function/Remarks
_APPM HIGH .66W +42% (Run * 'Rod Block
’ “mode
12% (other than
Run mode) "
- APRM DOWNSCALE % of scale Rod Block (Run tode)
) : & scram with companion
-IRM Hi Hi (any other
o Hode)
APRM FLOW BIAS 10% mismatch or Rod B]ock
OFF NORMAL 110% either channel-
£PRi HI HI OR ~.66+ 54% (Run .~ Scram
iilopP ‘mode)*

alarms

gnd
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b) Hi (Amber)
c) Cownscaie («hite)
d) Inop (White)

e) Bypass (White)

(81
~—

Each flow converter has these two lights on the top
panel 9-14:

.a) Comparator (Amber)
b) Upscale/Inop (Amber)
c. Interlocks and Trips

1) Rod Blocks

Block Setpoint \lhen 3ypassea
APRM: <35 Shutdown, Refuel,
oownscaie Startup modes
Hi : >12% Run lode

>, 664 + 427 Shutdown, Refuel,

- Start iodes™

Inop 1. Module unplugged Never

2. Lless than 14 o7

~ g

gssigred LP3%s in
Cperats

3. Function switch
not in Crerate

“low Cenversar:] 10 fliow mismazch llever
Misrmezch Zz. 110% eitner chan—

i ne]

incp 3. ilodule unplugged

2} Scram Trios

Scram Setpoint WWhen Bvpassed
gwrzezle K S~utazwn. Retusi. =n
3T ISToaEn- Szarzus ~cdes
ion St Y =Iwx
SRR ~15% Run mode

w BAH + 2d0 ShutZewn., Re‘uel znd

DLl - e e .
SCErl.s ToIes

)
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Scram Setpoint Wnen Bypassed
% 1nop 1. s Module un- lever
» ¥plugged. -

2. Less than 14

fsof.assigned

¥

"LPRMs"in
Operate
- © 3. Function- - ‘
& switch not
in Operate

* Technical Specifications specifies that the flow
biased rod block and scram will never be bypassed.
The way the circuitry is wired, either the flow
bjased trips or the fixed trips are always connected.
Since the fixed references are more restrictive than
the flow biased references, -this condition is satisfied.

=% Each IRH is assigned a compenion APRM (and vice versa).
Assignments are as Follows: )

APRM CHANNEL IRM CHANNEL

MW Mmool
noICowomMmo I

w

Con;ro1s Provided

nrd

£ witehes on Fznal -3 - Switcn recorders between
Ms 1 .

=
o

m

-
<

REJAP)
1

v m
MAND]

" O

]

nd

40

b.' Bynass switches on Panel 9-c
1) Joystick type
2) Allow bypassing only cne APRM per RPS Channel at a time.

- . . ~ = - :
- e  —n o~ ~L - o S .= Y - ~ -
-, Zysr Tg zreck oDushbutions Y- TIng: CEICW TELOrCers
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Allows operator to check how Far core power is from Rod Block
tripo level.

Meter unit on Panel 9-14 (Figure 7)

1) Trip Reset - Resets ail seal-in trips at the top of Panel

2)

3)

,4)'
- switch to select individual LPRM output for display

(&1}
S

corresponding to that APRM, or assigned LPRM.
LPRM Bypassed Light - Indicates LPR1 selected by selector

switch and indicating on meter is bypassed.

Meter Expand Light - Indicates meter sensitivity has been

increased by a factor of 10 (now reads 0 - 12.5% or
0 -1 volt).

LPRM Selector Switch ~ Used in conjunction with function

on meter.

Function Switch - (Figure 2)

a) Seven Positions
(1) Average
(2) Count
(3) Flow
‘ay A.B,C, 0D

S iverzce Posizion - llzter reads core bulk thermel powier
(averaging amplitier output).

c¢) Count Positicn - Meter indicates number of assigned
_F27s whicn are in operate (5% per LPRI}

ow Positicn - Meter reads per cent °f rated zztal
circulation locp flow (output of “iow conver:ar)

1
1
re

[$°]
~

~, 5, C & D Position
Used in conjunction with LPRM selector switch to:

A IR B e T =i _——y— - - fm =
1 DPgute indivicual LN _ouiout To reter (TetEr
.. \
T a l

: R I
n @Well3/CT

-~
(28]
..

Route cailbration current to LPRA

ts =0 calibrator [furnishes ocower

(S )
o)
O
[
«t
1)
]
ot
w o
<
3 O
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inside Door on ©-14 (Figure 9)

N
~—

.

2B

[l

a)

-(4) Power

c)

d)

~h
S

“leter Expand Switch

e)

i ilode Switch

5 Positions

(1) ‘Operatév .
(2) Standby

(3) Zero

(5) Power Flow ..

Operate Position - APRH operates normally as previously
described. C e .- .

Standby Positkoﬁ -~Same'as Operate except that it gives
an -Inop trip to warn operator if channel has not been
bypassed - will-give-1/2 scram-if channel not bypassed.

Zero Position - Disconnects all inputs to averaéing
ampiifier to check-amplifier and meter zero adjustment.

-

Power Position

(1) Substitutes power*po;entiometer‘outaut for LPRM
outputs as the input to averacing ampiifier.
7} Used wnen acjusting siope and bias circuit.

~y
~—

Power Flow Position

(1) 1In addition to e)!i) above, substitutes Tlow
~otentiometer outout vor the fiow comperelor
output as.the input to the slope and bias circuit.

(2) Also used vhen adiusting slope and bias circuit.

Three Positions

71 Tever

wn

s
(2) lormal

3 x 16
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5) Reverse Position

(1) M™eter reads copesite of its norzl colarily,
j.e. signal which read below zero before now
will read above zero.

(2) Meter scale is expanded by a factor of 10, i.e.
meter reads 0 - 1V-DC instead of 0 - 1oV DC.

¢) Hormal Position - Meter reads just as scale is
marked (0 - 10V DC, O - 125%).

-d) x 10 Position - Meter scale is expanded by a factor of
10.

e) This switch affects meter sensitivity only, and does
not effect trip setpoints.

(98]
——

Power Potentiometer - Adjusts test power signal when
Function switcn is in power or power fiow.

>

1} Flow Potentiometer - AdJUSLS test flow signal when function
- switch is in power Tlow.

5) Monitor Pushbutton - Displays output of 10 volt regulated
supply in calibrator on meter so that it can be adjusted
with adjust potentiometer.

6) Adjust Potentiometer - Adjusts 10 volt regulated supply
in calibrator.

falibrator Tnurhwnesl Switches - Adjust calibreTor CuTIuL
urrent.

O D
12

{HAL SUMMARY

sez=ion wilil briefly discuss these topics:
Coeration of System During Startup
Calibrazion of APRMs

Pationale Behind Fiow Biased Trip Levels

rz=iosn During Startud
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a) APRN onscale (by definition and trip setting) at
3% power.
b) IRM Overlap - IR reading (on range 9 or 10 = APRM
x 2.564 i.e. IRM reading of 50 on range 10 = 19.5%
APRM; e
Limiting Condition (with Mode Switch in Rgn)

a) APR! must be onscale before companion IR goes Hi-Hi.

b) IRM Hi-Hi with companion APkM downscale gives scram.

- -

Trans1t1on from Startup to Run . L ’

1)

~ny
-~

More restr1ct1ve operat1ona11y than overIaD discussed
above. -

Must be made with all A?PMS be%wéén'3ﬁ and 15%, perferably
between =i and 127 since:

a) <3% in Run gives rod block thereby inhibiting further
increases in power level from rod withdrawal.

b) >15% not in Run gives scram.

¢) >12% not in Run gives.rod block.

Calibration of APRBMs

v

1y

-nod of Caiibration

211 switches are lef: in their normal cperating pos1t.ons,
except that APRM being calibrated is byocssed from paneil ©-5.

Actuzl tnerral cower is obtained from hezt telance Sy Process

comouter, and Gain Adjustment Tactors {GAT, are detarmined

z) G2F = desired rszdins = thermal power hszt balance x
actual.reacing reted thermal power ’

100% 2 r'PD" rezding.
b) G"F is computed by compuzer program OD2.

e

t )
1
tn
f
*
(8]
[
1
4
i

=

re

(§H]

conzs C

m

“EC

-ner—a7 sower from hedt bSalance/rated thermal socwer X
e oor

m
- -
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b) APRM reading x GAF from 0DZ2 printout.

Adiust gain potentiomater Tor APRI'S until desirez
reading is achieved on panel 9-14.

Remove bypass from panel 9-14.

Calibration of Trip Setpoints

1)

2)

3)

b
——

APRM channel is bypassed and function switch is taken
to power flow position.

"By running power and flow potentiometers up and downscale,

trip reference from slope and bias can be checked and
adjusted at several points on the flow curve.

Function switch is returned to operate, trips reset and
channel retyrned to service.

This is the reason for 6§ APR! channels. Even with one
from each RPS channel bypassed there are still encugh
to satisfy one out of two twice logic configuration
{requires &4 operable channelsj.

Frecuency of Calibration

1)

(§%]
~

[
[¢Y)

-
e

')
—

Done at least weekly to compensate for Xencn, DatTiern
changes, etc.

1ibratzd i< necessay after bypassin:

/

(3]

j—
[®]
o
—
3
D
[a5)
€.
-
3

Q)
—
0
pr)
=
=
-
-
33
[e1)
>
)]
3>
¢

O
%
[1}]
wm
(98

TPF >3
Techniczl Specification reguires a reducticn in APRN
and Rod 3lock Setpoint if the core total neaking fac
is grezzer than the design totel peaking factor o7 2.
{Second section I for formulas)
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c) Placing APRM Mode switch to PWR Flow

a) Adjusting flow to 100%, Power to scram trip
Jevel calculated in a)

e) Adjusting "scram trip" adjust (slope and bias circuits)
to trip the scram trip unit. ‘ .

f) Adjuit pover to ‘rod block trip level calculated
in a ' E ' -

g) Adjust "rod block trip" adjust to trip the rod
‘block trip unit. - '

h) Check setpoint by adjusting power.

i) APRM mode switch to operated.

3) Unbypass APRM and repeat for other APRM's.

Functional Test

1)

2)

(9]
(Y]

)
tn
-de

Functional tests for nuclear instrumentations are
exempted from the 'definition given in Section 1.0
of Technical Specifications, as no input to primary
sensor (detector) is required.

Instead, output is run to scram trip level using power
potentiometer with' function switch in Power position.

The ‘unc*ional
crocer operatio

cram. 1nis verifies

s
zys.

-
i

Sunctional test is required weekly on APRMs.

tmn
n

nind Flow

cn Position - ‘<

Flow biased scram and rod blocks are not reguired, i.e.
no way o exceed fuel thermal 1imits with constant 120%
scram. el '

taken for flow biased trip levels in transient

No credit

znz vsis.

tater olénts (BMR™6's) with hicher voiumetric pouer
densities will require flow bizsed screm.

~hese flow biased scrzns will ve delaved wiin & circuit
.pnza time constant will zporoximate the .2} time consTant
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this will be called a thermal power trip. The
120% scram will remain as an instantaneous backup
to this thermal scram. These thermal power trips
are being isstalled on some late model BWR/4 plants,
and BWR/S's.

Selection of Trip Level Slope and Bias

1) Slope of trip line was selected to be parallel-to 100%
Fload 1ine and higher power levels (60% or greater).

2) After slope was set, biases were selected so that at
100% flow:

a) Scram = 120%
b) Rod Block = 108%

Reason for Use of Recirculation Loop Flow Instead of Core

Flow

1) -Core flow signal noisy, i.e. much short term variation.
Z) This noise would cause a number of spurious scrams.

3} Recirculation looo flow much steadier, so chance of
spurious scrams greatly reduced.

Relationship of Trip Lines to Core Flow (Figure 10)

) Core flow is not directly progortional to recircuiation
ioop fiow for 2 reasons:

a) MHatural circulaticn effect due to decrease in density
~ of coolant in core causes increase in fiow with power
at low power levels.

b) Increased hydraulic resistance to flow caused by
large void fraction at hicner power levels causes
decrease in flow with power.

c) Hence, core flow is a fraction of both recirculation
loop flow and power, and trip lines are not exactly
iinear when plotted on power-flow mabp.

. h [
¢ %od 2iczk éand

(9]
(2]

oz
g -t

jzure
ines ol

-t "1}
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4, RELATIORSHIPS TO OTHER SYSTEMS

—
.

o

inguzs vron Cther Systems

. .Flux Inputs from LPRM System to Averaging Amplifier.

Flow Signal from Recirculation Loop Venturis:to Flow Converter

Mode Switch Contact Closure from Mode Switch Which Changes

_Hi and Hi Hi Trip Reference Inputs According to Reactor
Mode (Run or Other than Run)" - .

Outputs to Other Systems

a.
b.
c.

d.

=]
-

.

Scram Trip to“ Reactor Protection System.

Rod Blocks to Reactor Manual Control System.
Core Average Power to Process Computer. -
seference APRM Signal to Rod Block tonitor.
Power for LPRM Circuitry.

Current Calibr&tion Signal to LPRM System.

Power Supplies

a.

r

i

%PS Bus A

an

APRH Channels &, C, £.°

AY ) ny
0 ~—
tn
h¢] -
[ o ()
(73] P
3
(o)
po g
[e1]
=
>
(4]
-
>

- 4
—
1>

>R Channels E, D, F

(AN ]

} LPRY Chennel B

Instrument Bus - Alarm lights on aoron section cf Panel 9-3.

. Tssential Service Bus - Recorder power.

Ll ol el

12 C Zestery SUS - SNNUNCIATOr PCWET.
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CCAL SPECIFICATIONS

1. Section 1.1, Safety Limit; 2.1
Sezzing {In part)

d.

SAFETY LIMIT

Limiting Safety System

LIMITING SAFETY SYSTEM SETTING

FUEL CLADDING INTEGRITY

Applicability

Applies to the inter-
related variables
associated with fuel
thermal behavior.

Objective

To establish limits
which ensure the

“integrity of the fuel

cladding.

Specifications.

A. Reactor Pressure
>800 psia and Core
Flow >10% of Rated.

hen the rezctior
pressure is greater
tnan 2C0 psia, the
existence of a minimum
critical power ratio
{1*CFR) less than

1.92 shall constitute
violation of tne Tuel
ciadding integrity
safety limit.

FUEL CLADDING INTEGRITY

Applicability

Applies to trip settings of the
instruments and devices which are
provided to prevent the reactor
system safety limits from being
exceeded.

Objective

To define the level of the process
variables at which automatic pro-
tective action is initiated to
prevent the fuel cladding integrity
safety limit from being exceeded.

Specification

The limiting safety system setting
shall be as specifiad below:

A. MNeutron Flux Scran

1. A£23%M Fiux Scram Trip Setting
(Run Mode)

tthen the !'ode Switch is in

tne RUN position, tne APRM

fiux scram trip seiting

shall be:

$<(0.66W + 54%)

where:
S = Setting in cercent
¢ rzted thermal
cower (3283 lWt)
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Loop recirculation

(3]

Core Thermal Fower

“Limit (Reactor

Bressure <200 psia)
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- rate in percent

of rated (rated
loop recirculation
flow rate equals
34.2x10% 1b/hr)

In the event of operation
with a maximum total peaking
factor (MTPF) greater than
the design value of 2.63 the
setting shall be modified as
follows:

5<[0.66W + 54%] 2.63
TTPF

where:

MIPF = The value of the
existing maximum
total peaking
factor.

For no combination of loop
recirculation flow rate and

.core thermal power shz1l be APRM

“lyx screm tris setting be
allowed to_excszed 128% 0
rated-thermal power.

APRM - Yhen the raactor moce
switch is in the STARTUP
ncsition, *he ACE“ scram shall
be set &t less than or eaua1
to 13 of rated power.

APR't Bod Block Trip Setting

The APRM Rod b]ock trip settin
cshail te:
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SAFETY LINIT LIMITING SAFETY SYSTEM SETTING
FUIL SLAIOING INTEGRITY FUSL CLADDING Iniessinvy
(about 25% of - SPB<(0.66H + 42%)
rated thermal
power). where:
SRB = Rod block setting in percent

[AN ]

of rated thermal power
(3293 MuWt)

W = Loop recirculation flow rate
in percent of rated (rated
loop recirculation f1gw
rate equals 34.2 x 10° 1b/hr)

In the event of operation with a
maximum total peaking factor (MTPF)
creater than the design value of
2.63 the setting shall be modified
as follows:

SRB<[0.66W : 42%] 2.63
RTPF

where:
MTPF = The value of the existing

maximum total pezking
tactor.

.1 Sases {inpart)

P—

In Surrmary:

-\
=¥

neuzron rlux Scranm

1} APRM High Flux Scram Trip Setting (Run »oce!

The averace power range monitoring (APRM)

system, which is calibrated using heat balance
data taken during steady-state conditions, reads
in percent of rated power (3,293 Mit). Because
fission chambers provide tne basic input signals,

- foDre -- - - d - - - - = -~y -
tre AFRIY sySTEM "2SICNIS TAretl.Y 0 ZvIvagE

=3 e —canmesap~c t A m - -
feutren Tiux. Tuvring Irinsiencs, tne INgTzRTanesus
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rate of heat.transfer from the fuel (reactor thermal
power) is less than the instabtaneous neutron flux
due to the time constent of the Tuel. Tnerefore,
during transient “induced by disturbances, the
thermal power of the fuel will be less than that

. indicated by the neutron flux at the scram

setting. ,Analysis reported in Section 14 of the
Final Safety Analysis Report demonstrated that

‘.with a 120.percent scram trip setting, none of

the:abnormal operational transients analyzed

violate the fuel safety limit and there is a

substantial.margin from fuel damage. Therefore,

_use of;QAflow-biésed scram provides even additional

“margin.” Figure 2.12 shows the flow biased scram as

a function of core flow.

An increase in the APRM scram setting would
decrease .the margin percent before the fuel
cladding integrity safety 1imit is reached. The
APRM .scram setting was determined by an analysis
of .margins required to provide & reasonable range
for maneuvering during operation. Reducing this
operating margin would increase the frequency of
spurious scrams, which have an adverse effect

on reactor safety.because of the resulting

_thermal stresses. Thus, the APRM setting was

selected beczuse it provides adecuate margin for
the fuel cladding integrity safety limit yet
allows operating margin that reduces the
possibility of unnecessary scrams.

The scram zrip setting must be adjusted tc ensure
that *he LHGR trensient peak is not increased

for any combination o HYPF &nd reactor core
thermal. power. The scram settina is adjusted

in accordance with the formula in Specification

2.1.A.1, when the maximum totzl pezking factor

is creater then 2.63.

Analysis of the limiting transients show that no
scram adjustment is recuired to assure MCPR >
1.05 when the transient is initiated fron

MCPR >1.25. )

APRM Flux- Scram Trip Setting (Refuel or Start

% Hot standby Mode)

Sor operaiion in tre $Tariud rode while the rezclor
15 2t jow cressire. ne APRF scram setiing oF iz
cercent of rated oower orovices adequate Tnerma’
margin beiween the setdcint and tne satety limit,
25 percent of rated. The martin is adecuate (¢
accomrmodate enticipated meneuvers associated

sitn power piant starzup. EFTects of increasing
Dressure gt ZSro or 1w veid contsnt 2r2 minor
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cold water from sourcss avaiiabie during
startub is not much colder than that alreaay

in the system, temperature cceffecients are
smali, and controi roc patterns are constrained
to be uniform by operat1ng procedures backed up
by the rod worth minimizer and the Rod Sequence
Control System. Yorth of individual rods is
very low in a uniform rod pattern. Thus, all of
possible sources of reactivity input, uniform
control rod withdrawal is the most probable
cause of significant power rise. Because

the flux distribution associated with uniform
rod withdrawals does not involve high local
peaks, and because ' several rod must be moved

to change power by a significant percentage

of rated power, the rate of power rise is very
slow. Generally the heat flux is in near
equolibrium with the fission rate. 1In an
assumed uniform rod withdrawal approach to the
scram level, the rate of power rise is no more
than S percent of rated power per minute, anc
the APRM system would be more than adeauate to
assure a scram before the power could exceed
the safety limit. The 15 percent APRM scram
remains active until the mode switch is placed
in the RUN position. This switch occurs when
reactor pressure is areater than 853 psig.

AFRM Control Rod Block

Reactor power level may be varied by rmoving control rods
or by varyinc the recircuizzion flow rate. T7The AP2M
syszer. crovides a contral rod tiock o prevent rod
withdrawal beyond a given point at constent recirculazion
flow rate, and thus to orotect against the condition

oF a MCPR less than 1.05. This rod block trip setting,
whicn is automatically varried with recirculeztion 1002
Fiow rate, prevents an increase in the rezctor dower
level to 2«cess values due to control rod withorawa:.
The flow variable trip seziing provides substantial
margin from fuel damage, assuming a steady-staze
operation at the trip setting, over the entire re-
circuletion fiow range. The narg1n to the Savety

Limit increases as the flow decreases for the specified
trio setting vesrus fiow relationship: therefore, the

AGrsT c3sz “COR wnich couic cccur ﬁu“:n, stee:y- :a:e
coerztion s at 1727 of rzted tner—zl cowar secause

= " b - A - ~ = mmria? Lo
a7 “ne APRYM rod bBiock tTrip setting. he actud: pCwer
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dictribution in the core is estzplished- Sy scecified
control rod sequences and is monitored continuously
bv the in-core LPRM system. As with the APRM scram
irip setting, the APR! rod block trip setting is
adjusted downward if the maximum total peaking tactor
exceeds 2.63, thus preserving the APRM rod block
safety margin. o
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Section 3.1
a. TABLE 3.1.A (In part)'
REACTOR PROTECTIOH SYSTEM (SCRAM) INSTRUMENTATION RECUIRZMENT
Min. No.
of .
Operable
Inst. Modes in dhich Function
Channels Must Be QOperable
Per Trip Shut- Startup/Hot
System Trip Function Trip Level Setting down Refuel Standby PRun
APRM
2 High Flux See Spec. 2.1.A.1 X
2 High Flux <15% rated power X X (15)
2 Inoperative (13) X X X
2 Downscale >3 Indicated on (11) (11) X(12)
Scale

Hotes For Table 3.1.A (Inpart)

11. The APRM downscale trip function is only sctive when the
reactor mode switch is in run.

12. The APRM downscale trip is automatically bypassed when the

ey

IRY instrumentation is operable and not niga.

—
(€3]

1E.

5. 3.1 Basis (In car%)
Ca
G
0
=he synassinc of one
~z1

. “Less than 14 operable LPRM's will cause a trip system trip.

The APPM 157 scram is bypassed in the Run ilode.

ch protection trip system has cne more APRM than is necessary
reet =he minimum number recuired per channel. This ailows

ﬁ PD\I

Jer aro*ection trip system vor

ntenance, Testing or caiicration.
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TABLE 3.2.c (In part)
INCTRUMENTATION THAT IMITIATES RGD 8LOCKS

Minimum Ho.
Operable Per

Trip Sys (5) Function Trip Level Setting
2 APRM Upscale (Flow Bias) <0.66W + 42% (2)
2 APRM Upscale (Startup Mode) (8) <12%
2 APRM Downscale (9) >3%
2 APRM Inoperative Top)
2 Flow Bias Comparator <10% difference

in recirculation
fiow

<110% recircu=~

Tation flow

2 Flow Bias Upscale.

Motes for Table 3.2.C (In part)

z.

[$a]

o

"

(8]

(8}

i] is the recirculation ioop {low in percent of design. Trip
jevel setting is in percent of rated power (3293 Mut).

Total peaking factor greater than 2.€3 are permittec at
reduced power. . See Specification 2.1 for APRM control

rod block setpoint.

One ins:rument channel; i.e., one AFRM or IRM or RBM, per
trip system may be bypassed except only one of Tour sen
may be bypassed.

~nis function is bypassed when the moce switch is placed in Run.
when +ne mode switch is in Run.

ve
cally bypessed when the IRM instru-
not high.

—his function is oniy &activ
“his function is automati
~entatiocn is operable and

Tne inoperative trips are produced by the following Tuncticns:

5) APRH
(1) Local “operate-calibrate” switch not in operate.
(2) Less than 14 LPRM inputs.

2} fCircuit boards not in circuiz.

.2 Sasis "in perz,
“he 1PR! rod biock function is f1ow biases and prevents @
significant ‘recucticn in MCPR, especieils during ccerztion at
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3WR SYSTEMS

LESSON PLAN

A. TRAVERSING IN-CORE PROBE SYSTEM
B. REFERENCES '
1. BWR Systems Manua1 Chapter 5.6 -
2. BFNr Travers1ng In Core °robe Ca11brat1on aystnm, GEK-325E4
3. Flux Probing Monitor, GEK-13971H ’
4, 1ndex1ng Mechan1sm, GEK—3454GB

5. VYalve Contro1 Mon1tor, GEK 62956A

efzrence Czrd File 5.8
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Q
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m
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1. Lezrn the Purpose of the System.

2. Le

N

£
Y "

ne Furoose and Function of the Components and Controls.

3. Uncerstand the Cperation of the System.

9. GENERAL DESCRIPTICH
- 1. SsstamoFurcose ‘
) :. rfive jdentical traversing in-core probes (TIP's) are used to:
ki :eagJye‘and record “he zxial neutron fiux preTite =t 43
‘ rzZizl lccations.
2, Calibrat e *he fixed in- -core detactors (Locel Power Zange
Monitors)
Z. Ssztem Jescriplioh )
& Jetect is & miniature Tission cncrbeflattachca to a flexibl
efzpizd signel lead
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2. Sys

[g]

d.

"

e

r

1) dormal, at-rest nousing for dezector

2) Provides personnel radiation shielding from irradiated
detector.

3) Twelve foot minimum distance ensures that all parts of

possibly irradiated detector or cable is shielded.
Drive Mechanism
1)
2)

Fractional horsepower motor

Drives detector from shield through guide tubes to top
of core and back to shieid. -

8al1l and shear valve provides the means to isolate the guide
tubes if a TIP in-core dry tube should lezk.
Indexar selects which dry tube will be used on 2 traverse.

Nitrogen surge is used to maintain the relative numidity in
the guide tubes constant over the length of detector travei.

Operaticn is either automatic or manualiy zantroiled.

tem Lzyocut (Figure 2)
The TIP system was designad o achieve rzlztive s3ss oF accass
<o critical compcnents wnile raintaining necssszry radiztion
srfsiaing in spatialiy iimited environs.
The undar-vessel guide tubes are the mosi crizical compenents
35 <ngy =rs eas11/ damagec znd are ingcczssible suring normal
coevrziioa,
sms zre alsc inaccessiblz during rezcsor operation,

nani
gre ruczed and reliable,

tner components are accessiktle.

. COMPONEZNT DESCRIPTICN

-
Py,

tar

Zonstructsc of titanium.



d.

e.
f.

g.

h. AGamma sens1t1v1ty 3 x10

i.

-

Js

Det

2

(TN
w

s internaily with h gh]y enriched urenium, 20% U
: Max.)

xnsu]at1ng mater1a1 - Forsterite

F111ed with Argon gas under pressure of 91.5 cm Hg.

Active portion 1sﬁabout 0.2? 0.D. by ™ 1ong{

Neutron sensitivity 8.17 x 10']8 Amp/nv  * 20%

-4 Amp/R/h max.

Neutron Flux 0perat1ng range 2.8'% 10]2 to 2.8 x 'IO.'4
‘maximum.

»

Operating voltage (detector po1ar1z1ng) 100-200 VDC

. Traverses the entire active length of the core through a
dry +ube in .the LPRH de;ec;or tube.

ector Drive Cable/ngn;] Lead- (F}gure 3)
Cccx.a1 ceble nbOUt 0.25" 0.D. by 130° length
ield

-

-y=
w o

cal wrap of caroon s;ee| covers entire length of drive

9
12,

9

1) Provides a low frittion mezns of driving detector.
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tiechanism (Figure 4]

s
40

curpsse of the drive mecnanism is o frovide foruard
or reverse and high or low-speed detector cable drive on
commands from the drive control unit.

Consists of an air tight metal enclosure housing an Eaton
drive motor and a Gleason cable reel assembly.

Orive lotor

1} The 1/2 Hp. drive motor provides power to the output

sha t through an eddy-current clutch.

2) The eddy-current clutch shaft is connected through a

gear reducer and a 1:1 chain drive to the output load
shaft,

3) The output load shaft feeds a friction-siip clutch.
The cluich disc is directiy coupled to a hcbbed wheel
which drives the detector by engaging the helix wrap
on the detector cable.

>
~

“The shaft of the friction s]ip clutch nasses through
the drive box housing and is chain anc sprockst counled
to:

a; VYeedor-Root Counter

5) 40 turn ocienziometer

2V The “ricticn-slip cluten Timitsz t-e crive Torgue &fsiisd

<0 the detector capie.

faution: 31ip cluzeh is norma’ly torgued s €5 in.-1Ds.
The helix on the T1% czbie «ily 3tang up <o
120 in.-1ts. teorcueg tefore zeforming.  Uncer
no case shouid *he siip cluzch be set »250 in.-1Dbs.
txceading this limit will immediately destiry
the detector cabie

3) "etor is reversible by rotaticn phase reversa)
7) Provides two speeds.

TSt femda
, W3t /Tin.

[31]

£Q'/min.

(9]
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- ¢) B8y an internal eddy-current clutch.

i. The degree of coupling between the shevi and
Joad is proportional to the -current in the
clutch coil.

- . ii. The current,is;determine& by either automatic
- sensors or manual controls‘on the drive control
T unit.
iii. The clutch controls the torgque between the
. armature-shaft_and the clutch-shaft quills by
‘ magnetic induction. - S

8) The motor is equipped with a fail-safe friction broke
to prevent inertia{ oyershoot.

:d. Veeder-Root Counter .

-

_ 1) Purpose is <o provide a digital display readout of detector
. cosition on the Drive Control Unit.

2) Sicnal is from four jdentical, ten-position switches. (0000
to 999%) )

e. Forty-t.rn Potenticneter
1) Purpcse is to supply a d-¢ voliage analog signal of detector
nosition to:

2} x-y reccrder on TIP Contrsi Conscie fback peane’)

b) Plant process computer

»

-, &lezson Pes} Assemoly {Figure 5)

z. Cocnsists ¢t )

1) A zekeup reel ZG" diametér wnich stores the detecior Crive
ceble. L

2) A tie plate mounted on the tzkeup reel, that is a signal
connector between the drive ceble and smooth {unwrapped)
+vizxial cignal cable. _

2} Two smzller Crurs store TS smooth siconzt tszc.

. . z) Drum "2" is physically attached iC the takeup reel,
5)  Jrur “S" 9z stationary ang sicres TOST o <ne smech
signz’ ez Jnen the Celellior i3 in the znigia.
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&) Tne <transfer pulley distritutes smooth signal lead detwesn
+he smaller drums when detector cabie is moving.

b. Operation

1) As the detector is driven forward by the hobbed wheel of
the drive mechanism, the linear motion of the cable causes
the takeup reel and attached drum "A" to rotate.

2) Moving drum "A" exerts a tensioning force on the smooth
cable through the transfer pulley.

3) This force causes the transfer pulley assembly to rotate
in the same direction as the takeup reel.

a) Strips smooth cable from stationary drum "B" laying
it on rotating drum "A".

4) Smooth cable continues to be stripped off the stationary
drum "B" and wrzpped on the rotating drum "A" as the detector
is driven toward the core.

5) Both the takeup reel and transfer puliey tension tne springs
when rotating "forward" tc prevent backlash and cable siack.

1 loss andg

tbly was desisne a
n CONVErs retary

assem
ciated with rotzti
Yinear cable travel

d to eliminate si
< sicnal pickups
i

ign
7
\

nvsi c;lXJ fixed couslings at the %ie olate and drive
izm housing.

z} Sigral lead transfer between Tixed
for rotary motion and provides a s

he shieid charper is o provide perscnnel shieidin
1tly withdrawn cetector.

<
m O
(7 -h
"J r"

5. 53mall cesk, about 14" diameter by ZC" long.

c. Filled with lead shot (total weight = chamber &nd ie2ad 1150 1bs.)
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ne 1imi= switch in lencitucingl ‘center.

1} Prevents further withdrawal {reverse)-of detactor.
2) Opens ball valve when detector is moved forward &nd
drive motor is energized. = - '

3) Lights In-Shield light on Drive Control Unit of TIP
Conirol Panels (back panel area). -

4) *The limit switch is actuated by the detzctor or drive
cable. = . bl e

a) When either is under the switch circuits are completed
to open the ball valve provided drive power is available.

b) When the detector is‘behind the limit switch contacts
are opened in-the reverse circuits de-energizing the
drive motor.

_Caution: This limit switch has been known to fail such tnet
the detector fails to:stop in-shield.. Difierence in
known ‘digital in-shield position to in-shield 1ight
on Drive Control Unit could be indicative of Tnis
oroblem. - .

Shezr VYalve (Figure 7)
a. Purpose is to provide an emergency means of sezlinc a guide tube
if:

1} The TIP dry tube (in-core} shoula

2, Tne TIP detector cannot Dt retractzd preventing bels valve
clesure.
5. Carweglzd by & key-lock switih oo ing Yzlve Conzircy “onizer
drawer,
c. Exslosive velve

1) Sauid detonation circuit”

- -~ - . - - — -
3 fedee civeudits zontinncl: s TIORITCrEL.
’ hd - - - - - - - - e g, - - - -
2y Inmcicazicn circuit s CorlinJous.y menizoreZ.,  CitTuiT s
1= N - -h K 3 - - -
srohen, when scuib is dezcrzted, Ty nCICETANS I RPN
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Fire" position zpplies >4 amps t5 saguib.

e, edze shaped gquillotine ensures suide tube seal even with
cetector caple insiae.

1) Aluminum seal - atter is deformed to seal detector cable
to guide tube space.

Ball Valve (Figure 8)

da. A solenoid-operated valve that is installed in the detector
guide tube between the drive 'mechanism and the indexing mechanism
to prevent leakage of contaminated coolant from the reactor

‘vessel into the drive mechanism if a leak develops in the reactor
core,

b. Purpose is to provide the normal means of sealing guide tube.
Normaily shut except during traverses,

c. +eld closed by a fail-safe spring

d. Opened by application of 110 YAC power to the solenoid ccil
suoplied from the drive mechanism.

e. Circuitry allows five seconds for b

1 vaive to open. If not
full ocen as detected by limit swi :

al
ch
1} De-energizes drive mechanisms

2) Preventing detector and drive caple damage

3
p)
m
»
w
3]
i3}
[11)
]
-d
w
i
-
i
(Te]

Figure &)

(Vo)

a. Pﬂr; se is to provicde precise coupling pe<ween z fixed guide
; T isad T

in-ca*s acsitions.

1) Suife paths to and from indexer
a) Fixed guide tubes link the irdexer to tne drive mechznisms.
b) Stationary guice tubes provide paths from zhe indexer to
the core. These cuide zubss zre rzmovable Tor.undar vessed
/erk zrd zre nuToer Izcez Soe zzgz 5F rzfrscztl

“ < ._-..‘,..;un.
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Mechanically consists of & Geneve - gear &and & movaple guide

. Tiectrically comprised of

a) Drive motqr

f ~

b) Limit and position switches necessary for control circuits.

Eon;}ol of Indexer

1) Controlled by cﬁ%nne] sélector switch (10 position) on the
Drive Control Unit.

) Applies power to the motor.
3) The motor turns a gear with a locking cam and & crankpin.
) The locking cam imparts.motion to the Geneva - gear.

3) As the Geneva - gear iurns tire crankpin encages continuing
the motion, T

6) A: a.half revoiution the locking cam engages the next pcsi-
tion. .

7} Rotztion continues until the signal from positi
mztches the channel seiected ¢n the Drive {ent

is hidden from view on Figur :

n swizch S-1
T Unit. (S-1

0
ro

[{:]
W 3
S

2} S-1 is driven by & chzin and sprocket directly off the
Genava-cear,

o) S-1 is a <ripie deck, 10 sesition rotary sWwiten.
$. Seck 1 sends & siznzl %o the Orive Conirol Unit conzrol
circuizry.
ii. Deck 2 is used tc ce-znergize the motor when indexer
~is &t selecis pesition.

ji§. Deck 2 is not usecd.

¢crankpin actuates S-3.
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e System (Fi

wy

yre 10)

Purpose is to maintain the relative humidity in the gquide tubes

z= z conszant value ovar the langth of detecior trazvel and main-
tain a dry atmosphere in the drive mechanism and indexer enclosures.

1) Eliminate corrosion of helical wrap (carbon steel).
Z) Reduces chance of insulation breakdown and signal loss.
Drive Mechanism Purge System
1) Uses dry air from the Control Air System (-40°F dewpoint)

a) Pressure is reduced from about 95 psig to 5 psig

b) Flow is controlled to each drive mechanism at 1.5 SCF/HR
2) Drive mechanism enclosure is airtight.

3) Dry air atmosphere reduces helical wran corrosion of stored
detector cable.

Czution: Before opening drive mechanism enclosure secure purge
system to prevent possibility of racioactive contamination
soread from activated corrosicn oroducts. )

Indaxer Purge Systen

1) N2 system supoiied to each indexer.

Indexer enciosure is airzight (Figure 2}.

5) Irzernzi pressure conzrol valve mzintains 7" H,0 above
drywell ccntainment pressure.

-~ “ - - 1A - o=t a &2 PN _apae . -

2) Inzerrzl Slswout viive coerns incsxe» pressure >3 osiz
2ICvs Zontainment.

3 S =3 = P - = 1 1 s i

) Maximur Tiow rate of 140 SIr per czy aliowed through the

incaxers znd tne gcuide t.tes.
3 - P - ie ap* o A ol
2} System maxinumilow rate {s set &t 120 SCF per day.

3) By opening exhaust vaive and adjusting Tlow through

wmzTeTEY, :
2) Fise-®s suffizient 2o ~zistzin orassure in remzinirg
irdaxers 7° Tine To One incexer ruUcTures or pressure
zonTrel vazive fails.
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3) When inczalling or re-instaliing remove2ie- guice Tuses th
indexer purge system is activated and the guide tube to dr
+ube zenetrztion connection is cracked o purge anc N

guide TUDES. - N
4) Controlled by ‘purge switch on the Valve Control Monitor.
(Opens solenoid valve on Figure 10).

'10. Four-Way Connectors (Figure 11)“

a. Purpose of the conne&tor§'is to proVide a peth for five indexers
- -to the common channel (10) at core position 32-33.

b. Guide tubes from TI?P indexers A, B, and C meet at first four-way
y connector. .

% -

c. Guide tube from first four—wéy‘connector and TIP's D and E meet
at second four-way connector.

d. Cuide tube from second four-way connector leads to core pesition
. 22-33 (Channel 10) .- B

11. Guide Tubes ‘ ' o
a. Part of LPPM detector assembly
% Inner surface of the cuide fubing between the rezcior vessel and
+he drive mechanism is coated with a ceramic bonded lubricant to
.+ reduce friction.

c. Auide =ube ‘nner surface is nitriced witnin the rezclor vessel.

rooing Moniztor |

rc1 Monitor

d. X - Y Recorder

e. S>lan* 9rocess Computer
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4 Proding Menitor {Figure 13)

Ppircose is to supply nich voitzce o the T.? detectors and
ampliTy the flux signal from the detectors.

Components
1) Two low voltage power supplies for flux amplifiers.
2) A calibration card for calibrating the flux amplifiers.

3) A high voltage power supﬁ]y and flux amplifier for each
TIP detector.

Signal output of flux amplifiers is fed to X-Y Recorder and
the Process Computer.

Controls and Indication

Device Position runction
Switch S-1 A Bus - Connects meter M-1 to =16V DC
(Meter selector output of low voltage power
switch) - supply PS7.
A Bus + Connects meter M-1 to 10V DC
output of pecwer supply PST.
. 8 Bus - Connects meter M-1 to -10V DC
outnut cf ncwer susoly PS8.
3 Bus - Cornects mezer M=) tc <GV CZC
ouzsut of power suppiy FSé.
Channel & thru Cornzcts messr M-1 %0 czlizrazte
shannz] £ suTIus of Tiux z—ciifisr Tor
{Fefers ¢ TIP <ns cetscigw sesztez, (Used
subs/stem; curing caiizrzzisn.;
Switch $-2 Off disconnects X-Y Reccraer Trcm
{Channel selector Ti? system.
switen)
Chz==21 1 =hru TgrnezTs (-4 Pacorder, Y-zxdis
Tnznrel = T2 3z zzzel STl zrriiier; Re
. ‘Refzrs o TIF 238 TC ZwgzEr zozilicn ozoTan-
suDssStem) sseretar f23-zurn)
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Device Position Function
3) Meter M-3 0 -"125 (upper Indicates “percent power"
sczle; vnen S-1 is &% Chennszl A thru
Channel E pos1t1on.
- : "0 <10 (lower:: - 1Indicates power supply voltage
scale) when S-1 is in any of the "Bus"

positions. (During calibration
indicates flux amplifier output

.- when S-1 is in Channel A thru
Channel E)

Valve Control Monitor (Figure 14)

a. Purpose is to house control and indication circuits for the shear

+ valve, ball valve and N, purge system. " . -
b. Each drawer has controls for two TIP Jbsv5uems except for one
drawer which has only |IP {Chennei E).
c. Shear Vzlve Conirol and Indicatior
‘Device Position - ‘Function -
1) Key Lock Switch Monitor Key switch is open.
S-1 Lo
Fire -~ _Detonates explosive shear valve
2) Scuib Monitor TooLit . Indicates scuib has daztonatsec
or circuit tc exsiasive chav:zse
is cren.
3) 3Snear Vaive Lit - Indicates shear valve has actu-
“oaitor fiizhe) a:ed.
4. 3277 V& se Indicetion i
ogyice Fosition i Function
1; Zell Yelve Open Liz indicates bell vz we 13 Cpen.
(light)
27 Tz77 vzt.z CThcsed iz Tedizzses p2T” .zt .e it cicsel
iiorg, ) : N
35, Time Dehay Lit indicates ball vzive is COEn
and interiock circuit is cor-
~ Diese.
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Tayvice Fosition
F S Lit
"Tiiuminatac

fuse)

indicates tnat the Grous -1
containrant isgiztion Lus
fuse has not blown.

Nitrogen Purge System Control and Indication

Device Position
Purge Switch off
5-3)

On
Purge Lit
(1ight)

e Control Unit (Figure 15)

Function

Deactivates Indexer Purge
System. (See Figure 10)

Opens solenoid valve in
Indexer purge system.

Indicates indexer purge
system is activated.

Purpose of the unit is to examine switch positions, automatic func-
“ijons and predetermined core dimensicn limits o0 logicaily issue
drive signals which will not damage the detecior or drive cable.

Comoonents:

2} Core Limit digital dispizy

Limit swizten

(@)

2} Manual switc

v Detector Position digital display

© “anual Valve Control switci
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c. Modes of Cperation

1

e

Automatic Mode drives the detector from the shield chamber
+s the selectec in-core pesition anc pioTs the neutron Tiu
profile as the detector is withdrawn automatically.

X

2) Manual Mode is aﬁ alternative to automatic scanning of the

‘- ‘ core and provides incremental positioning of -the detector
_ ’ at the selected in-core position. ’
g .- d.- Definitions . _

’ 1) _Channel - A position of the channé} select switch (1 - 10)

that corresponds to the particular in-core position of a TIP
dry tube (inside LPRM string). Each channel select switch
. position is a different in-core position.with the exception

of Channel 10 which is common. -

Example:
. . TIP Machine Chennel Selected In-Core Position
. ‘ . : A 2 61 - 49 .
: B 2 08 - 25 |
. C ' 2 23 - Q%
D 10 32 - 33
) £ 10 3z - 23

Setector Position Digita” Zistlay

[} ]

A\

e} ©500C - Reference point. about cne foot 'behind the indexer
‘awey from the cors..

3

Y. 2292 - In-shield ossiticn - Counter ingcreases 2
ig ariven forward (toward corg) pessing reference &
znd continuas to increzse.

- Core Bottom Limit - Some sredetermined positive veiue that cor-
resgonas to the bottom oF zc=ive fyel. Differs fcr eacn TIP
channel (including 10) because length of run from shield <o

‘core position is different.

i+ (A
~—

~~==nm Ji7iT DUt indicates TCT 3T

s <
283
egc Zranner.
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Zontrois and Indication

Device

Channel Select

(switch, S-1)

Auto Start

(pushbutton, S-2)

Manual
(switch, S-3)

Scan
{switch, S &)

_ow {spee d)
fswitch, S-

-
-.
=

Position

1 thru 10

Pressed

off

FWD

REV

Off

On

0ff

30D

Zottom

“h
-4

[ 8]

Function

Selects in-core position to
which indexer must align.

Provides automatic detector
drive when Mode Switch S-7
is set to Auto and Manual
Switch S-3 is set to Off.

Enables the Auto position of
Mode Switch S-7.

Drives detector to top of
core - overrides Auto position
of Mode Switcn S-7.

Drives detector from core top
to shield - overrides Auto
position of Mode Switch S-7.

Makes scan {record) a function
of detector position and inde-
pencent of operator control.

M

-

a2 sc
rois

Uy m
[
«t (D
o w»n

“

' . A

Mzres low-speed drive & func-
iﬂn s Zetector positicon and
ncenengsnt oF 5DerzIor cConirol

+a5 CORTINUOUS 1Oow-Spesc

Permits gigital aisplay ot
seiscted channel pre-programmned
top-core limit.

excent core botiom
issiz
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sevice 2csition
Manual
"Auto
Manual Valve Closed .
Control
(switch, S-9)
Open

Detector Position _I1luminated

digits
‘Core Limit i1luninated
digits
Ready Lit
{]';ghu‘}
Core Top Lit
. \
{1ight)
In-Core iz
"1ight;
In-shieid Lig -
195 mne)
Scan Lis
"1icht)
Low ‘speed) Lit
11ient)
Rey {reverse) Lit
1ight}
Saz Sorwert, it
“iicnz}
Yalve Lit dimly
[ IPR i

_ low-speaed (13°/mi

Function - .
Pos1.1ons detector in conjunc-
tion with the FWl

tions of danual switch S-,.

Permits automatic mode of opera-
tion when Auto start S-2 is

_pressgd.

Closes ball valve.

Opens ball valve without ener-
gizing the drive motor in the
drive mechanism.

_ Continuous digital display of

detector position.

Static digital display of pre-
procramwed core-tocp or -bottom
1imits of selected channel.

Indicates that indexer is pro-
perly aligned <o selectec

" channel.

Detector is &t top of core.

Detector is in shield chemcer.

. Axial flux prodiie is being

recorded.

Detector is being driven &t
A}
n.,

. .

Detector moving away from TOD
ot core.

and REV posi-ic
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Recorder {Figure 18)
Purpose is to plot a graph of neutron flux versus aetector position.

Components are:

1) The plotter
2) An X-axis and a Y-axis control section
a) Range switch
b) Vernier adjust
¢) Zero adjust
d) Test jacks
3) Power switch

4) Pen switch
5) Chart switch
Operates during core traversing cycle.

1) Automatic mode, on detector withdrawai from top of core.

2) a) Mode switch at Auto.

b} Scan switch at Off.
¢, TI? being run is selected cn rFlux Zroting ¥onitor, Channeid
Selzctor Switch $-2 (Channel 7~ thru Channel £;

3) dperztes any time the Scan switch is On ana the detector is be-
-een cors-boziom and core-too limits regardiess of Yooe switch
sositien (Autc or Mznualj;.

Orzwer Controls

Device Position runction

Power (switch) On Power applied to recorder

servo's.
oTe Sower 16 Servet: IvT
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Device rosition function
2} cower {lignt} Lit {red) Same as On.
3) Pen (switch) - Down Places pen on chart paper.
Up Pen drops automatically to
chart paper when detector
) _ reaches core-top limit.
4) Chart (switch) Hold Electrostatic charge holds

- T paper on recordert
‘Pelease Charge is dissipated.

5) All other controls 'to be adjusted by qualified instrument personnel
only.

£. . Process Computer
a. Purpose to:
1) Calculate gain adjustment ac*ors ICAF s} for LPRM's; needed
as LPRM detector fuel depietion occurs (about every 30 fuil

nower days).

Caiculated subszitute datea Tor an out-ov f.service LPRM.

(A}
<~

3) Uses TIP trace {scan) data for 1) and 2).

5. nruzs to Computer Trcm TIP Syszem

(98]
(1]
ot
M
(@]
ct
o
-3
pe)
o
tn
-
(ma
-
(@]
3
III
(O
3
o
-
..5
o
ﬁ
)
-3
-
<<
1]
!
(o]
3
(o)
=
o
—
[yt
>
-d
ct

(A% ]
-

(3]

-~

Py b .
-....._uU Ler:

(8]

Al

-

", Types out-deta “cr-each V1P Trace {scan) run.
a;, '“hich TIP machine ~

N : - -
'! N ~"n T C

-
le wel ¢ e b

[}

rne

"

O

; Core roord nztss 07 S€

[§]
-t

({1
3
()
ct
Q

. - Fagh SPRY -
V' teuzron Flux level at
Aa=zr+np *e,zyel
b e o w - - —

L .
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Computer 2iso stores the above data in its memery circuizs.

G. SYSTEM QPEZRATICH

1. Modes of Operation

a.

)

()
-

Automatic Operation Sequence (Figures 13 & 15)

1)
2)

(€8}

~1 (03] w 1 N
~—— ~— ~ ~

[§¥]
S

w)

~ -

[3S]
e

Channel selected on Flux Probing Monitor (Figure 13).

a) Sends selected TIP signals to X-Y Recorder.

b) Corresponds to TIP detector being run.

Mode switch at Auto (Figure 15).

Manual switch at Off.

Low-speed switch in Off.

Channel selected - corresponds to desired core location.
Ready 1ight 1it.

°ress Auto Start pushbutton.

Detector moves from shield chamber through indexer at low
speed (15'/min.).

as= incexer !reference point of 000C; speec switcnes to Test
80 /min. ).

%t core bottom limit speed chances to siow.

2= core top limit detsctor stors ans reversss dirscTicn.

O

s
]

Y Zzcorcer pen drops autematicéily =0 péper.

womz: Scan or recor?d (TIF trzce) is made nou because op oF
core is a better reference and even Iznsicn is exerted
on the detector orcocucing s—oother travel.

Scan light 1it

17 zove zoTIor i mit Tne sosec increzses ¢ Tast
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..t
N
~—

te

Di (1

tops at 0000 reference - zbout 1' behind indexer
3 .

Je t0r S
{toward shield

——
.

16) "New channel may-be selected and -process repeated.
b. Manual Operation §equencep(Fi§ures 13, 15)

1) Used when ] T , .

3

a) The.-flux level.at a specific LPRM (A B, C, or D) must be
known.

"b) Suggested when ‘traversing the common channel (10) at core
location 32-33.

i. Runs are longer.

ii. At least one four-way connector must be traversed.

2) TI1? being run must be selected on Flux Probing Monitor
(Figure 13).

3) Mode switch in Han (manua])

t) Low-speed .switch at either 0Ff or On.
Note: Low speed is preferred for channel 10 traverse.

Z) Direction and drive controlled by Manual switch; Fwd or Rev

(forward or reverse).
5) 3Jrive detector o “op of core by Manual switch at Fwd.
tor stops zutomatically at core top limit.

€%EC
Note: Detector may be s+opped at any point by going
Gff witn Manual switch.

L
22 ¢

ct
o

9}

ev).

v
e
(73]
O
[¢1)
3
wn

automaticeily on witndrawel (

Y Detector will Crive +0 shield chamber uniess stooped &t
Trdeser reference point (530C).
lete:  Manuel °ev js the only way to move detector from

Indexer z0 Shield upon-compietion of TiP scans re-
cardless of mode of operation.

, <SEC I3 Prode ;uide +tube runs o0 ceiermine core-top 1imits.

from drive mechanism cear head to mechanical siip
e 4] -
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3) Manual Valve Control switch on the Drive Controi Unit nust
be at Open to open ball valve {Figure 15}.

4) Detector is moved by attaching a hand crank to the load shatvt.
Note: A1l necessary precautions should be observed before

opening Drive Mechanism enclosure.

2. TIP Traces (Figures 17, 18 & 19)

a. Purpose is to produce a visual representation of neutron flux
profile.

b. Coordinates (Figure 17)
1) Y-axis is watts/cm? |
2) X-axis is fuel length expressed in:
a) Fuel length in inches from core bottom.

5} iodes, a computer scale equal to 6" of lengtn, numbered
from core bottom.

c) Rod position, equal to 3" of lencth, numbered from core
top.

1) At the bottom margin, indicate fuel rod spacers.
2: Zlbout 13" intervais
17 trace usualiy snows shaccws or flux dips Trom these soacers.

ure 17 at szocut rod cosition 3C.

& - ~a
rcizated on Fi

117

d. LT Tezzcticrs
1) Indicatad by aporoorizte letier in 2 nexagon at corract core
rnaicht.

2} At bottom margin

3} The shadow cast by LPBM B is indicated on Figure 17.
e. &tz Toa Ircicaies:

TG lete and Time oF traverse.

2} whicn TiF machine was used.
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3} The channel selected and .
2} The locetion of the LPRM string.
5) The cross and numbers indicate the heights of the control

rods around the LPRM. .

_f. Common Channel Traces (Figures 18 & 19)
1) Duriﬁg an LPRM calibration the common channel is first
traversed by each TIP machine.
2) "The computer normalizes or averagéé fhe"f%@éaécans to cross
: calibrate.the TIP's themselves before using TIP outputs to
o calibrate LPRM's. - - - CL
3) Figures 18 & 19 should overlay to show why this is necessary.
&) lucleate bo]iné Bééiﬁs about node % ‘on these figures (node 11
on Figure 17) which .leads to slight, local, instantaneous flux
changes and zccounts for the differences in the traces.
H. SYSTEH INTERRELATIONSHIPS - - . -

1. Local Power Range tMonitoring System

S

- b.

"

The TIP's are used primarily to calibrate LPRM's:

LP3M's must be recalibrated:

1Y At ezch testing plateau during Startup Testing.
2} Zwvery “ul1 Fower Month to recover sensitivity jost <Zug To
detector fuel depletion. .
35 . ..
g} There is less UZ““ in *he detector to fissior -y The same
rumrcer 0f neutrsons. ;
=) Signzl is increesed elsctroniczlly to ccmoensetz for this
chznce.
' ‘nen control rod secuence is exchenced from A —o £ ov back.
2% ificantly

hen operating mode has changed sicni

:. In ssz-ole wouic ce 1853 OF & Te2IEr surini Watln alU08G
-zjse an increase in Zzse Crit Ccoes whicn inCTIETE LnET
-me comouter is unagble to derive & value vor LeEM's Trom
«rz last. TI2 normalizzzion dateé that compares fzvorabiy
“0 n2at Delance core ZCwer.
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wh
e

Liter refueling:

o

) Usually a number of LPRM's are replacec during &
putage.

rafyel

b) Core_has been altered and radial and axial profiles have
been changed.

c) Two months have usually elapsed and electronic circuits
should be checked prior to power range operaticn.

Process Computer

a.

O

At equiTibrium xenon and steady state power TIP scans are performed
according to the procedure for On-Demand Function-01 of the process
computer.

The computer compares the TIP data to present LPRM readings.

The
<he

computer calculates gain adjustment factors that will make
LPPH's agree with the TiP data.

5z2in adjustments are performed on the LPRM cards by a aualified
instrument technician.

£lectriczl Supplies

-

120 vAC Instrument and Control

22 ¥9C System

(%]
"®

an Purga

From inerting makeup supdbly line

Coazre” 2ir Purcgs
Grouz 8 lsolation
z Taitiates by -2 psi an arywell

)

any TiP not in the shield chamber:

+ne Manual Reverse mode of
.i

: -2 - - - et
¢ in orive SnUvCr oML

o
v log



- 95 -

2} “hen the detector is In-Shieid-as indicated by the limit

switch the ball valve is c}osed.‘

3

- S

TECHNICAL SPECIFICATIONS: - .

a. There are

a =
x
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no Technica1-Specif{cations associétedrwith the TIP system.



TO LPRM CENTER STRING

32-33
CHANNEL 10

PRESS CONTROL VALVES

FOUR-WAY {PCV's) SET ~ 7" Ha0

CONNECTORS

INDEX

pev | MECHANISMS

DRYWELL

A\

-

//// s //////////////////////////// //////// '/{///jﬂ
.5 Dsa0a 2 - vt A ./ . RS v aa
S R Rt N TG ST A ET S T LT T R ot o i A
’ BALL
VALVES
SHEAR
. VALYES
CHAMBERS PURGE
EQUIP
T LEAST
. T FEET
v
= T et Py e F L reara-ved e e R AL I LIS T M UL S =
SRR AT e B CUCRETEsniEL AL SN ENAR R Sl 2
v lr & " \L
DRIVE CRIVE SRIVE JRIVE DRIVE
MECH MECH. MECH. MECH. MECH. 3 osig
N g c o € Ng SUPPLY
. ' ; 4 } i * T
| v | 7
CONTROL
CRIVE FLUX AIR SYSTEM
conTRCL| | PROBING SUPPLY
UNIT MCNITOR
TYPICAL OF 0
FIVE X-X AXIS } } Y-Y AXIS
TS X-Y RELCRDER

FIGURE 1. TRAVERSING IN-CORE PROBE SYSTEM
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3. Brown's Ferry Technical Specifications
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CBJECTIVES

1. fully underszand the ﬁurpose of the system and -its design basis.

z. Learn maj sysiem components.

2. ‘“Understand significent inter]bcks and blocks.

4. Relztionshipns between the rod worth minimizer and other systems

2. Tecnniczl scecific a*1ons govern1no the’ sys tem.

GEMERAL SESCRIPVION

. oDesizn tesis - The design basis of the rod worth mininizer [RWM)
is <o serve 2s 2 beckuc to proc dural controi o 1imit ccnored
rod «Grons curing startup and iow power Operac ion, SO tnat in the
event of & control rod drep fvom the reactor core the rezctivity
zddizion rzze would no* Jead to demage of the primary ccoiant
sszem not 1o significant fuel damece.

e R acts as an .enforcer of pre- stored ‘rod patterns and
generates rod blocks if significant deviation from the program
~atzern (seguence) is detected.

o

(B

The pregrammed withdrawel secuence 1--.-s1gned to limit tne

—zximum worth o7 &ny =1ﬁg]e control” rod.

o1 rod

[B)

nr velocity. Jimiter 1imits the rzte cf rezctivity
on in the event of a rod drop accident by 13

imum oG drop soeed to 3.11 feet per second.
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d. The RWM in conjunction with the control rod velocity limiter,
1imits the amount of fuel damage that would occur during a
rod drop accident.

Note:

The rod sequence control system (RSCS) is a backup system to
the RWM. - It independently imposes restrictions on control
rod movement to mitigate the effects of a postulated rod

drop accident.

See the RSCS lesson plan for details.

Rod drop accident

a. A control rod drop accident is postulated to occur as follows:

1

2)
3)

4)

[$1]
—

vy

(@]

-
’

\
}

¢

The
£on
set

T

A
u

S

Several assumptions

2
<

The control rod drive mechanism separates from the control
rod blade.

The drive mechanism is withdrawn.

The blade sticks in the core and does not follow the
drive mechanism.

The blade then breaks free and drops to the position of the
drive mechanism, rapidly inserting reactivity and generating
heat in the fuel.

The negative doppler coefficient will turn the power
excursicn and a reactor scram will compliete the shutdown.

accident is.analyzed over the full spectrum of power
jtions with results presented in the FSAR Tor three

of initial conditicns {fcr an in sequence rod)
Zeacsor critical at 10-°° power, moderator and Tuel at
68°F; rod worth for dropped rod = 0.025 K.

A 0 -
Seactor critical at 107°% oower; moderator znd Tuel &t
347°F: rod worth for dropped rod = 0.025 :X.

Reactor critical at 10% power; moderator ana fuel at 547°F
rod worth for dropped rod = 0.038 iK.

were used in the aznalyses

which =he control rod falis cut 27 <he

to tce ¢ ft/sec.

“he velocity &t
core is assumed

r0C veisCity

2e s epe
P sec.

- This is conservative in that tne c<on
Timiter limits rod faliing speed ©
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2) Control rod scram motion is assumed .to start at
-200 msec after neutron flux has attained 120%
- of rated flux.

-

Hote: This assumption allows the power .transient to be
) , terminated by ;he‘dopp1er coefficient and is
., : . . particulary conservative for the very low power

IR fee leve] cases since the IRM high flux level scram
would be reached’earlier than the 120% scram.

v 3) MNo credit is_ taken.for. the negative reactivity resulting
. from moderator.increased temperature or void formation
- -since the time constant for heat transfer between fuel and
- Lo ~ moderator is_Johg’compared with the time required for
- - rod motion. . N & .
4) tlo credit is taken for prompt negative reactivity effect
- of heating .in.the moderator due to gamma heating and
neutron thermalization.’ o : ‘
. " d. Fuel damezge is defined as perforation ‘of the cladding allowing
. , fission products to.the coolant.

o2

Condition o " Enthalpy of fuel (cel/aram) f
ciaddinz perforaticn . 170
-onset of U0, centertine ~ T - 220
melting
- - up, melting compiete T-280 C
: Instantanecus trazgmentation N 225
T.fuel rods '

A : and dispersai.c ,
. {cue to Y0y vapor pressure). L

. dzrace will probably occur es & result of tne w

g,-, rus orst case
rca drop accident which is the hot stencby critical cese.
1} 1t has been calculated that ~330 fuel rods will have
enthalpies >170 cal/gran. -
. 2} Maximum V0, ‘enthalpy is czlcuiated to be 220 cal/cram
" cssentizlly no fuel will meis beciuse-fuel meiting occurs

in the range 220-280 cal/grem

£, The Sower iransient at 163 power is less savere then at hot

stancby: . . . - - .

PERY -

i} -3C fuel rods nave enthaicies >1

-~

0 cal/cram
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2) Peak Uo7 enthalpy is 250 cal/gram.
3} -850 counds of U0, have enthalpies 220 cal/gram.

4) Because fewer fuel rods are perforated and because shutdown
cooling would be in operation ailowing no reactivity release
to the main condenser, the radiological results of the
cold rod drop accident are insignificant when compared to
the hot standby case.

A1l of the peak enthalpies are far below 425 cal/gram, which
is .the threshold for immediate rupture of fuel rods due to

U%ﬁ)vapor pressure, and are well below the design 1imit of

cal/gram so that no damaging pressure pulses occur as a
result of a rod drop accident and the only expected damage
is the failed fuel rods.

If a rod drop accident were to occur, plant response would be
automatically initiated to contain f1ss1on products and limit
the severity of the transient as indicated by figure 2.

1) This does not include the effects of the negative doppler
coefiicient which would be the first plant response to &
rod drop accident.

2) The maximum radiation exposures at the site boundary have
been cons ervae1ve|/ calculated to be vieil below the valves
set forth in 10 CFR 100 for all analyzzsa ~... crop accidents.

discussion of ‘ne WM system makes use of & nurber of terms
L)

ar to thz WM. nese terms zre listed and defined below.
Jcerating Sequence. The operating sequence is the schecule to
he followed b the plant operator when withdrawing or 1nserf1ng
centrel reds.  The sequence is preca]cu]aued to minimize indivi-
duzi rec Jﬂr.hs anc reactivity insertion rates, based on ths

zsre dirensions of the particular planu at whicn it is used.

is printed cut Tor the operator S use wnen starting up or
snutting down the reactor, and is also loaded into the ccmputer
memory for use by the RWM program. The sequence identifies the
cowtro] rods by X-Y coord1nates and specifies the notch position
aven numpers between G and 43) to which each rod should power,

reds are insertad in reverse order of their withdrawal. Although
szguanczs vary aecending cn incividual reactor size and cher-
zcteristics. ‘He/ 211 aenera?;: peagin by withcrawing fully

=g posizicn &8) aDDFOX17dL°]j hal? the rods in the core. At
-nis coint, :he roc position distribution is rzverred tG 2s tne
‘“iack/whize patiern”, so-cailed beczuse tne fuily withdrawn

rods are distributad in a checkarboard pa:tevﬂ acress the core
2rss3-section, sucn that every other rod along either an X or

: ¥ coorcinate will be fully withdrawn shile the glternate rods
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remain fully inserted. Attainment of this pattern, which is
also referred to as 50% rod density, brings the reactor to or
slightiy -beyond the_pointyof(critica]jtj.‘ Frem this point, the
remaining fully-inserted rods will be withdrawn in the order
and in:the increments specified"by’the_opefating swquence,
until-full power operation has”been’ achieved.: So long as the

_power level-is below the 1ow power set point,”the rod movements

specified in the sequence wj]]_be‘enforced by the RUM system.
Rod Group. " Rod groups are the sequential subdivisions of-an
operating sequence. - A rod group consists of a number of
specified control rods (from one to a dozen or more) and a

set of insert and withdraw position 1imits that apply to each
rod in the group. The-groups are numbered in the order in which
they are to be followed when ‘going‘up in power. ‘For example,
Ffroup 1-of an;operatingvsequence.contains the rods which are
to be withdrawn first when.the startup procedure is begun with
211 rods fully inserted. -The insert limit for this group is,
therefore, O (the fully.inserted position),’and since the

... general-pattern followed by most sequences:'is 1o first withdraw

fully about half:the rods,. the withdraw 1imit for group 1 will
probably be 48, or the fully withdrawn position. When all the

- rods in group 1 have been withdrawn ‘to the group 1 withdraw

~1imit,y-the operator\proteéds to group 2. ' Thus, at any point

{group i} in the sequence, assuming the sequence has been
strictly followed, all the rocs in group 1 ‘through i-1 should
5e-z+ the withdraw 1imit for their respective groups, while 211
the rods in groups-i+l through the highest numbered group should
e at the respective group.inseri limit. After the black/white
ern had been zchieved. (generaliy~in-group ¢), the spen between
rt znd «ithdraw limits for higher groups generally becomes

s zbly smal}er,iso -het & _given rod-cr set of rods may

0 more than one group. In this-case, the withcraw Timit
or a rod in & given.group wj11‘be”;he'samé'as the insert 1imit
or the next hicher group in wnich the rod appears.

-y o
3
or
v |

-y =y O 1Y

ne=ch Limizs. Al1 rods in croups highar than the groud in which
+he hlack/white peattern is achieved, up to the group in which

the power(leve1-exceedsfthe'1pw power set point, have notch conirol
restrzints superimpééedion,thé,norma] group limits. This means

“snat in additon to rémaining within the-group limits, any rod

contained in one of these notch control groups must &1s0 remain

witnin one notch pesition of every other roc in the same grouo.

< sicn & roa is roved SO Es zo vioiate this restriction, 2
“OTCH ERRCR- 1ignt on the RWM cperator's panel will be 1it &nd
211 rod movement other than that required to correct tne notich
error Wwill be, plocked. . Shouid a situation arise in whicn & vic-
izzion of croup limits is detected concurrent with noicn errors,
ske noten 2rrors rwst be corrected prior o correction of tne
croup Timic _violation. . quvision~is made for printout on the
dlarm tsoer of tne Sroub numbers of &1l ncich cenircl croups
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(up to a miximum of six) currently having notch errors.
Provision is also made for taking any notch control group

cut of service. This can be done from the RWHM operator's
panel by depressing the GRCUP IN/OUT OF SER button, pro-
vided one of the rods in the group is currently selected.
Removing ‘a group from service has the effect of dropping

that group out of the operating sequence. Selection of any
rod in the out of service group will result in withdraw and
insert blocks being applied. A group previously removed from
service can be placed back in service by first selecting one
of the rods in the group and again depressing the GROUP IN/OUT
OF SER button.

d. Nominal and Alternate Group Limits. In addition to the
nominal insert and withdraw 1imits for each rod group which
are specified on the printed sequences provided for the
operator's use, each rod group is assigned within RWM
software a set of alternate insert and withdraw limits.

A11 the aiternate withdraw limits are defined as being one

notch positon less than the correspcnding nominal limit.

A notch position is one of the even-numbered axial positions
between O and 48 at which a rod can be stopped. To illustrate,
assume that the nominal withdraw limit for a given rod group
is specified as position 26. The alternate withdraw iimit for
this group will then be position 24. The same holds true for
*he alternate insert limits, with the exception of the

_alternate limits for groups having a ncminal insert limit of 0.

For these groups, the aiternate insert limit is positien 2.
Assignment of these alternate limits is well within the RWd
design specification, which allows for a tcierance of = 2 notch
sositions on the nominal limits. Sincs the RWM program will
~anzider a rod to e at the grcup 1imit anen it is in zitner
«ne nominal or alternate iimit position, the addition oF
al-ernaze limits materialiy reduces the changes that the program

will generaze unnecessary rod biocks due to fziiure of & rod
~gsizicm sanso~ 2t one o° the group 1imit positions. ws &
fursrer sazfeguard zgainst rod position sensor feilure, zne AWM
i srogram wiil automatically read from drum a substitute recd
nesiticn for any rod with bad scanned position data, provided

that & substitute position Yor this rod has been previcusly
stored on drum by cperation of program 0D-14.

e. vLa=cred 5roup. The latched group is the highest numbered group
wi=rin -ne opera<ing secuence comoatible 2t & given time with
-re zxistirc distributicn of control rod pesitions. As control
sads zre 5eing moved to wzise or lower the reactor power ievel.
Tzzznin: of the nex:t higher or next lower group is done internaiiy
sy zhe RWM orogram. Tne progran will chance dcwn (latcn the next
igwer group) wnen 211 the rods in the presently iatched grouDd
nz.e neen inserted =0 the group insert iimit &s the reacidr ic
=5=ing Zown in ocwer. Tne Jrogram will cnance ud {Tazcn the
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-next higher group) when, with the reactor.going up in power, all

the rods in the currently latched group and in all lower groups,
szve two rods,-nheve-been withcrawn to.their. respective group with-
draw ‘1imits. ° The number of currently latched group is displayed

in the ROD GROUP windows on the RWM operator's panel. An

evaluation’ of -the current rod position distribution to determine
the group that should be latched is performed by the RWM program

“at'system-initialization and ar'various other times during normal

srogram operation to ensure that-the power group is latched at
211 times.

Low. Power Set Point. The low power set point -(LPSP) is the core
average power Jevel ‘below which-the RWM:program is effective in

. forcing adherence to.the.operating sequence of rod withdrawals

or insertions. when the core:power level is above the LPSP, the
R4M program does -not impose any constraints sequence ceases to
be enforced above the LPSP..:Rod blocks due to hardware failure,

“hOWever, are applied at ali power: levels..-The low power set

soint is determined by a steam flow, measurement, and is resettable

.oy adjustment of this sensor. The LPSP js typically set at about

i
~ - —~

255 of rated core power..~- ST T

“ < v

* Low Power Alarm Point. 7The low power alarm point (LPAP) is the

core power level acove which all RWM -functions except hardware
szilure-initiated rod blocks are inoperative. The low power
ajarm point setting is based on _rezctor sieam flow, &and is
zdjustable by calibration.cf the-steam flow sensor in the feed-
ater control system. A nominal:value-for the LPAP setting is
. of rated core power; it.is always-set at some point higher
+he LFSP setting. -The-AUTO 1ights on the RWM operator's

is 1it whenever the-reactor js-operating 2bove the LPAP,
ng that the %M functions-are aytomatically bypassed.
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due
<he system alarms and displays, except for 'the WITHDRAW ERROR

windows, are operative and are updated gvéry Tive seconds.

- IS £

#i=ndraw Error.. A-aithdraw-error can,occur either when 2 rod

‘zzntzined in the currentiy Jatched-group cr.any lower group is

wi-harewn cast the withcraw.lizit fer thegrous, or 17 2 rod

-=n-zined in-z groud. nigner than tne-one.thatl jg latcned is
ai-merzwn sast the insert limit for the higher group. Iin MOST
inszznces, these twe actions emcunt -0 the same thing, since by
.i=hdrawal of a roG past-a greup withdraw Yimit, a higher group
iz "-nerehy entered {assuring that there ‘s, in fact, & higher
cr-uyp in wnich tne rad is &iso contained). ~When a witndraw
Ioimr occurs wich she rezctor occereting Selow the LPE?, zhe. X-Y
~~-rsinzzes OF The roC responsibie Tor ing error are displayed
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in the WITHDRAW ERRCR window on the operator's panel.

'nset Error. An insert error occurs when & rod contained in
the currently latched group is inserted past the insert limit
for this group, or if a rod contained in & group lower than
the one that is latched is inserted past the withdraw limit
for the lower groun. The RWM operator's panel contains two
digital display windows for identification of rods responsible
for insert errors.

Withdraw Block. A withdraw block is imposed by the RWM whenever
the program determines that a withdraw error has been made, and
is also-applied if, with three insert errors existing and an
insert block having previously been applied, any rod other than
one of the insert error rods is selected. In each case, the
purpose of the block is to force correction of the withdraw or
insert errors before allowing withdrawal of any other rods.
Y}ithdraw blocks are alarmed on the RWM operator's pznel by a
WITHDRAW BLOCK indicator light.

insert Block. An insert block is applied by the RWM program
when, with two insert errors having previously been made and
left uncorrected, a rod is moved so as to cause & third insert
error. An insert biock is also applied in two other instances:
when a viithdraw error has been made and a withdraw blcck appiied,
and a rod.other than the error rod is then selected; and also
when, with the reactor coming down in power, a withdraw error

js found to exist or the operating sequence is not latched when
the power level.reaches the LPSP. In this case, the LOW POWER
licht on the PYM operatsor's panel is turned on concurrently with
aoplication of the insert block. A1l insert biccks are aiarmed
on the cperzzor's nanel oy an iNSIRT SLOCK indicator iight.

Select Error. A salect error occurs whenever, with the reactor
smevra=ing bslew the LPSP, the coerator selects & rod czner than
sre csnzzines in sne currently 12icned roc Sroud 9or one current”
-nsi-ioned so as 1G zzuse a w~ithdrazw or insert srror. An alirm
Jight on the RWM operator's panel js 1it when & select error is
made ‘

Rod Test Mode. This is a special mode of RWM operation, select-
able by a pushbutton on the operator's panel, under which the RwWM
system-will allow zny one control rod unlimited moverent, groviced
=17 sther roas are “uliy inserzed. If the ROD TZ5%T cusrpution

is oressed wnen more than one rod is withdrawn vrom ihe fuily
inserted position, *he system wili arply insert and wizhdraw
~locks, znc will cisplay the second rod Tound witncrawn in the
JITHORAW SAROR windows. +he withdrawn rod{s; must 5e inserted
refore tne rod tes* recuest wiii be honorec. «hen the raquest
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is honored, the ROD TEST SELECT-light on the operator's panel
is 1it. The test mode is de-selected by pressing the ROD TEST
sushbutton a second time; ‘the ROD TEST SELECT 1ight will then
extinguish, indicating that tne system has returned to its

normal operational mode. « .7 7

Manual and Auto Bypass. There are two ways in which the rod worth
ninimizer function can be bypassed. Removal of rod sequence
restraints above the LPSP -and removal of the RWM error alarms
and displays above the LPAP have been previously described.

This circumvention of RWM resiraints due to reactor power level
is referred to as auto byppass, and is indicated on the RWM
operator's panel by an AUTO bypass indicatior light that is
turnéd on whenever the power -level is.above the LPAP. In
‘addition, -the -operator can‘manually defeat the RWM functions

at any power level by turning a keylock switch on the operator's
panel from NORMAL to BYPASS. This is "known as manual bypass of
the RWM. A MANUAL bypass light on the panel is turned on when-
ever this switch is in the BYPASS position.

f

The central component of the rod wirth minimizer is the process
comouter (GI PAC 2020) which performs reactor core calculaticns,
provides the reactor operator with current core.operating data which
hes been coilected by plant instrumentation stors rod programs, and
GnoEres ac-ual 'rod ceauence with stored rod seauence programs.

" C
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a) Above LPAP/LPSP signal

h) éwM operable signal

i) Rod test request signal

j) Place group in/out service request signal

- k) Print notch errors request signal

~

1) System diagnostic request signal.

b. The multiple output controller distributes program output
“from the process computer central processor to controls and
indicators on the operator's consoles and RWM operator panel
to the RWM output buffer, and to other components associated
with the process computer but not with the RWM.

c. See the lesson plan on the process computer for more detail.
2. PRWM outout buffer

. a. Recejves central processor outputs via the multiplie output
) controlier.

b. Receives data and control inputs originating at the RWM opsrator's
parel and the reactor oower lavel sicnals frem the Teecuater
control system. .

c. Applies rod blocks or permissives to the control rod drive
svszem as girected by tne Rul program.

[}
0

‘cunted on odanel 8-28

-
-

RWM operator's panel (See figure 7

z. Contains &1t cperating cortreis end indicztors Tor tng SLY syster.

b. Mounted on panel ¢-5

c. For details of this panel see section F. Instrumentation

: TOSTRUMZNTATION
N 24 aperatar's panel contrels and incicators and associztec funclions

are 19378d telow

z T™4SI2T IRARCR Digital Cisolzy windows. These e Tou Ir-cicit
cisslays are used to idin:itTy contirol rocs resg cnsibie vor
czusing jnsert errors. The / cocrdinates oF ‘ns errsr rod are
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- displayed in the two-leftmost positions of each display,
and the Y coordinates are ‘shown jin the two rightmost positions.
~he rod which causes +he first insert errcr encountered by the
program is identified in the upper cf the two INSERT ERROR

.-displays. If a second inser error occurs before the first error

has been corrected, the second error rod is identified in the
~lower display window. -Each of the four positions in each window
- can display the numérals O through 9. If there are no insert
errors, if the power-level is above the LPAP, or if the RWM is

bypassed, these windows. are b]ankedi‘ '

b. WITHDRAW ERROR Digital Display Window.. This four-digit display

s

(g}

[13]

5

K

is used to identify a control rod responsiblé for'a withdraw

.- error. Each position can display the nemerals O through 9.

The X coordinates of the error rod are shown in the two leftmost
‘positions, and Y coordinates are shown “in the two rightmost
nositions. The WITHDRAW ERROR display is blanked if there is no
withdraw error, if the RWM is manually bypassed, or if the power
ievel is above the LPSP. ‘ -

.’ R0D GROUP Digital Display Window. Thistwo -digit display is

used to display-the aroup number of the rod group that is
_currently latched. -tach of the two positions can display

the numeral O through . The window is blanked whenever
the RWM is bypassed, when the power level' is above the LPAP, or
- when.no sequence, &nd consequently no rod group, is latched.

SELECT ERROR Indicator 1ight. This indicator lights ember when-
ever a control rod is selected which is not contained in the
survently latched rod group or .which is not an error rod
~esponsibie for .an.zxisting rod block. -« ~

£37 SLOCK Indicazor.Light. This incicator Tights red wnen-
‘er an insert block is-applied by the RWM program.
A PR

ATTenRiu TUOCY Tndicator Light. TnisTindicator lights red when-
] 3 pliec¢ ty the program.

YANUAL Indicator Light. This indicator lights red when the UM
is manuzlly bypassed; that is, whenever the keylock switch on
zhe panel is ‘in.the BYPASS position. s

szizeT oU0CK Indicetor Light. This indicator lignis red when-
sver.3 seject bldcK is -applied by the Rl -drdgrem. -~ sglect
“tack is appiied. together with insert and withdraw blocks.
arer Tre 2 95 inizizlized..anc the blocks remein until tne
-rocra;m nas ceterminec whether a_ sequence js seiected. A1
hree biocks arz aiso concurrently aoplied during a system
dizcnostic routine znd wnenever the 2w program is ghersed due
~n hardwere or sofTwere iveilure.
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i. AUTO Indicator Light. This indicator 1ights red whenever
the reactor power level is above the low power alarm point.

j. CORMAL - BYPASS Keylock Switch. This switch js used to manually
bypass the RWM function. It is normally maintained in the
NORMAL position, in which the key is removable. To bypass the
RWM when the power level is below the LPAP, the key must be
inserted and the switch turned to the BYPASS position. The
MANUAL indicator 1light will then be 1it and all error and alarm
displays and indications will be blanked.

k. OUT OF SEQ - SYSTEM INITIALIZE Pushbutton Switch/Indicator. The
SYSTEM INITIALIZER switch is depressed to initialize the RWM
system. Initialization must be performed whenever the RWM
has been taken off line, as occurs whenever the RWM program is
aborted. Therefore, following any program abort, the SYSTEM
INITIALIZE switch must be depressed before the program can
again be run. The SYSTEM INITIALIZE portion of the window
lights white while the switch is held down. The amber CUT
OF SEQ light is turned on under program control whenever the
LPAP is reached when coming down in power and it is found by
the program that a withdraw error (or errors) exist, that three
or more insert errors exist, or that one or more notch errors
exist. The purpose of the light is to warn the operator that
there is incompatibility between the operating sequence and the
existing rod positon distribution and that failure to correct
<his condition will cause an insert block to be applied when
the LPSP is reached.

1. PRINT NOTCH ERR Pushbution. This switch is used tc recuest &
ariatcut an the alerm typer 1istirg “he nurters of &1l rod
Irouss, up to a meximum of 3ix, in anicn netch errcrs exist.
This request can be mede at any tine, &s often as cesired. The
srintout has the foliowing format {assume trat only groups 5 and

"§ rzve notch errors;.
Hotzh Errcr GroJos £ i 2 0 ¢ O

m. ‘I0TCY ERROR Indicator Light. This indicator lignts amber when-
ever a rod in a notch control group is moved so as 10 create a
notch error; that is, to a position at which it is not within
one notch of every other rod in the group. Movement o7 all
o~her vods will then ke blocked until the notch error is correczeg,

-

=t wnicn tine the “GTCH ERROR tight ~ity be extingusihea.

n.  334UP IN/0UT OF SER - BRCUT QLT GF SZR Fushbuiicn Switch/Ingicazor.
The SROUP IN/CUT OF SER switch is used to take a roich control
group out of service, or to return G service a group previousiy
remgyed from service. A grous £an Se removec Trod service only
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if it is a group in which notch restraints are imposed, i
+here are no notch errors .in the group, and if 2 rod in that
group is-presently selected. ~If these conditions are ret, the
group will be taken out of ;service when the GROUP IN/QUT OF .
SER switch is pressed. The GROUP OUT OF SER 1light will be 1it,
'and will be 1it any time thereafter when any rod in the out

-+ of service group js seélected. To return the group to service,
_a rod in the group must first be selected, and the GROUP IN/OQUT

OF .SER switch again pressed. .The GROUP 'OUR OF SER 1light will

- then be extinguished,,indicating’thdt_the group has been returned
to service. Depending on.the positions of the rods in the returned

-. -group relative to the group insert and withdraw limits, it is

0.

O

possible that insert or withdraw errors ‘may-occur when the group

- is returned to service.. If this is the case,:the errors must

‘be corrected before any other rod movements will be permitted.

ROD TEST - SELECT Pushbutton Switch/Indicator. The ROD TEST
switch is used to place the RWM system in the rod test mode.
In order for this to be done, no more than one rod in the

. entire core can be withdrawn from the fully inserted position.

1f this condition holds, the SELECT indicator lights white when
the ROD TEST switch is pressed, indicating that the rod test
request has been honored and .that the system_is now in the rod
test mode. So long as this ‘mode remains in force, any one rod
may be selected and moved to any position, provided that all
zhe cther rods in the core remain fully inserted. The rod test
_mode can -be terminated by -again.pressing the ROD TEST switch,
at which time the SELECT indicator wili be ‘turned off and the
RUM system will be returned to its normal operational mode.

SYSTI' DIAGHOSTIC Switch/Indiczter. _This switch cen be pressed

at any time afisr the system has been initialized %o request

that the system dizgnostic routime be performed. The RWM

program will thereupon be initiated and will perform the routine,
nich consis®s. of zoolying and then removing in sequence the insers
c~5 wizhdrzw blocks.  The operator cen verify the crerability cf
-he ora s1ock circuits by observing that tne INSZRT £LOCK and

.-y

%ITHDRAW BLOCK alarm lights ccme on and then go ofF as the blocks

- are applied and removed. The SYSTEM DIAGHOSTIC -indicator lignts

whize when the swifch is depressed. It-will remain on, and the
diagnostic routine-will be repeated over-and over until the
switch is aepressed a second time. This'halts the routine znd
extinguishes the jndicator licht.

DL L £JYP - PROGR - BUFF Pushbution Switch/Indicator. The Tour
secrents oF this inficater are used 1O zlarm various hardware
and software failures within the P4l system. The pushbutton

[
'
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switch is used both to verify that the indicator lights are
operative and to reset the lamp driver circuits for these in-
dicz*ors in the cuznut buffer. The PROGR gquadrant of the in-
dicator is 1it whenever the RWM program is inoperative; i.e.,
whenever the program has been aborted and has not be reinitialized
or when the RWM is manually bypassed. .The COMP quadrant is 1it
whenever a computer stall or a bit parity check error occurs.
The RWM quadrant is 1it concurrently with either the PROGR or
COMP quadrants. The BUFF quadrant is 1it whenever the three
computer inputs to the majority voter circuits for any one of
the select, insert, or withdraw permissive functions are not
all in the same state. When the pushbutton is depressed, all

four of. the indicator quadrants light up for as long as the

pushbutton is held down. When the pushbutton is released, the
lamp driver circuits for these indicators in the output buffer
are reset and, provided none of the failure conditions just
described are still present, all four of the indicator lights
are extinguished.

6. CPERATIONAL SUMMARY

1.

™)

RuM Startup

a.

b.

b.

Znsure the process computer is operating

’

Load Rt Secuence A or B into the computer

Slace tne HORMAL - BYPASS switch in the NORMAL position

Press the svsstem initialize switch to bring the RWM on the line.

erztion With aG insert evrors

wher wizhdrzwing rods at power levels belew the LPSP it can

=ecome recessary or desirable to leave one or iwo rods at

-csi=igns 1cwer tran their withdraw 1imits and enter the next

nignEr Ivout

ins the one or Two rocs

, withdraw the rod cor
assumed that the group

ity point.)

“hen the group is reached that cont
and¢ the ositions they are to be le
rods to *heir respective position (
in cues=ion is below the 0% rod den
‘rza 300 oner rods in the Tvoud Te the withdrew 1imit cositicn

3.
~ -
SrCus.

-~
o

ol ()

Y o=t
m v

Tor

ty 2

(4
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Select any rod in" the ﬁeif‘higher group. The program will
then chznge up to this group, the ROD GROUP display will

sw the Aizner grcup number, 2nd the'one or w0 rods re-

-
Lo
bt

maining inserted in the Tower, group will be identifed as

- insert errors. : o T

The withdrawal sequence can now proceed normally,as long &S
no more than two insert errors are allowed to occur.

Notes: 1) If the group that is to contain the insert errors is a

.

- =
. -

notch control group (i.e. between the 50% rod density

. point and the LPSP), it may be necessary to leave all the

2)

3. Llatching and reiatching. .~

rods in the group within one notch,of one another and
remove the entire group, from service.

There is no ﬁéra11e1 to fhiétprbcedure to use when coming

down in power, since no withdraw errors will be tolerated
by the system.”.

At system initialization and at various other times during RuM
oceration, the.system evaluates 211 contrcl rod positions for
purposes of upcating the RCD GROUP, 'WITHDRAW ERROR, and

- INSERT.CRROR displays and-for determining whether any rcd
blocks, alerms, or error. indications rnéed to be generated.

<b.. This is cailed latching or relatching
¢. ren it occurs, the latched croup will be displaved in the
SC2 GROUP windows. . it wiil bs the higrest group having less
=rzn <hree inseri &rrors in ITe Qrouds selow it and heving
z- east one rog withdrawn past its insert limit.
. g, hormel izien L i

)

1)

cds ers ful inser « «he time of RWM systed
rszztion, the iatcned ana displaved rod groud wiill be

» —t D
’

"
r
0

hen 2.rod in group 1 is selected, permissives will be applied
anc no zlarms willi occur. )

i3 Tong as the sequerice is followed, ng glarms or biocks

;377 se zenerzzad as rocs are withdrawn.
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e. Relatch at an intermediate power level

1

e

If system initialization or relatch occurs at an in-

termediate point in the withdraw sequence, wnere rods
have been moved out of sequence, controlled recovery

can still be affected as illustrated in the following
example:

Note: Refer to the rod sequence given as figure 4 and
the rod groups given as figure 5.

Assume the following rod'position distribution:

a) A1l rods in groups 1 through 3 are fully withdrawn,
except for one rod in each group - 22-51 in group 1,
46-55 in group 2, and 18-03 in group 3 - all fully
inserted.

5) 211 rods in groups 4 through 10 are fully ingerted

10 position 0 except for rod 34-Z7 in group & which
is fully withdrawn.

At injtialization or relatch, the ROD SROUP displey will
show group.3 as the latched group.

a) Rods 22-51 in group 1 and 48-55 in group 2 will be
displayed as insert errors.

b) Rod 34-27 in group 4 will be disolayed as a withdraw
error.

O

The withdrew ervcor #i1% czuse The TUT TF SZID &

Tiznt o be lit.

a) The only rods that zre alliowed o move are the tvo insert
ervor rods {22-31 and 26-3%), *he withiraw error rod
32-27), and &11 reds in tre latcnsa group (Sroun 31

One way to correct the out of seguence condition is to insert
tne withdraw error rod (34-27) to position @

2) This removes the withdraw ervor, ie
che latched grouc, ard leaves roas
isslayed as inssrt arrors.

~
-

(9]

ceration can continue as per £.2

(]
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i . -5) - Another way to correct the out of sequence condition
.-~ « . + - 4s to withdraw either of "the two 1nsert error rods
- (22-51 or £6-55) or rod 18 03 in 'roup to position 48.

) The progran then changes up and 1atches group 4.

e W, ‘ b) The two rods left at pos1t1on 0 w111 be d1sp1ayed
- cafoLor . as insert errors.‘ DU

¢) 0perat1on can con£1nue as ‘per 6.2

L :~Program aborts - L
s -, _.a: -The RwM program can be aborted for a var1ety of reasons
RIS 11sted below. : Cae

;v ~ -
S ° P

b. When an abort occurs, the RWM is taken off the 1ine by the
_turn-off subroutine, withdraw and insert blocks are applied,
- ) ..+ - and the system must be re- 1n1t1a11zed before the program can
be executed aga1n. oLt o7
. . c. Programaborts are a'larned at the operator s panel by the RWH
e - and PROGR INOP/RESET 110h ’

R
-

L d. :Reason for RUM prégram aborts: ﬁ'_ -~

o s 1) - RPIS Failure. _When the progran is First initiated, it per-
o - forms & serxes of tests to verify hardware and software
. operab1]1ty and to check the validity of rod selection input
Lot datza. One of the hardware tests made is for operability of
AP -+ the rod pos1t1on inf formation SysTem (RP1S), frcm which
+he RWM receives ail its red icent ification anc rod positicn
- - inputs. I the test. shows -thzt the RPIS is cailed, the
orogran is aborted” and Lhe .oulow.ng message is typed
on the alarm typer: . "P”H - R s 1}ed".
z. 1Invelid Rod Select Sitas Ag z +zet of the validity of the
. rod selecticn input dztz, the protram examines two separate
: sources of this 1nrormat1on The two inputs are designated
. as_"rod celected” znd "rod selected & driving". If these
- two inputs are contradictory (specifically, if "the "rod
.- seiected” 1nput shows no' ‘rod s=1ec’°d while the “rod selected
- & driving" input, 1nc1cc+es thzt a rod has been seiected,

Lhic b
- the procrew aboris “anc "the foi]oﬂing message zppears on the
siarm typer: CRiM - Rod s 1ec:ed‘& griving, roc not sejectad
3 lnvelid Rod 1.D. If_a_rod is in fzct selected, tnhe program
. checks the identification of =ne 'selected rod Lo ensure that
it is valid: ‘that-is,'that the rod identificaticn input ce-
fines ap ectual control roc¢. -¥ it dees not, the program =
shor-s and the follewing messege zpdears on +he.zlarm tycer:
=% . Inyzlid rod icdentificzticn '
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RWM Inoperable. After checking for the presence and
validity of required inputs, the program then interro-
gates and internal digital input to determine i the Ruid
system is operable. The system will be considered operable
provided it is not bypassed and provided either that

system initialization has just occured or that the RWM

was already on line at program initiation. If these
conditions are not satisfied, the program is aborted and
the following message is typed on the alarm typer:

"RWM - RWM operable input logic 0."

Sequence Not Loaded. If the system has just been initialized
to start the program, a test is made to determine if an
operating sequence is loaded. If not, the program aborts
after typing the following message on the alarm typer:

"RWM - Load sequence before starting."” .

Rod Scan Failure. When the system has just been initialized
to start the program, & scan of all the control rod positions
is called for just after the RNM is placed on line. A contirci
rod scan is also demanded when the LPSP is reached while
coming down in power, to determine whether an insert block
shouid be applied. If a scazn called for by the program cannot
pe completed, the program aborts and types the following
message on the alarm typer: :RWM - Control rod scan failed.”

8lock or Permissive Failure. Following the initial checks
of inputs and system operability and, if required, the

system initiaiization procedure, the program checks to see
i¥ the rod blocks and permissives are as lest ordered. If

they are not, it attempts to put them in the oroo®r order.
T< unsuccesstul after tares frys, the program 2porIs znd
jssues one of Four failure messages on the alarm tTyper

5

identifying the block or rermissive that could not be put
its oroper state. The ~a2ssage Tormat is as foilows:

1 - Failed zoplving fwizndraw cr insert) {5ioch Or parmissiv

R V')
I3 Qv

Sower Level Da%a Bad. The program initiates & five-second
delay cycle whenever the reactor power level crosses either
zne low power set point or the low power alarm point. Bont
the LPSP and LPAP delay cycle indicators are interrogated

on cach operation of the program to deilsrmine where the power

jeyel is and whether it is going up or coming ccwn. If
corsraciciory information is octained “orm the LPEP or LPAP
tmaicz=ors (i.2.. i€ tnz cower level is iraiczisc as being
siruiznecusly selow =ne L°S7 znd ascve the LPLP), tne procrem
asorts and the following ressage is tyoed on tne alarm typer:
" - LPSP legic 5 ancd LPA? logic .-
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~on the alarm typer:

10)

o )
-
~

"o
Ly
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More than Three-Insert Errors. Wlhen the program checks

the position of the selected rod against- the insert 1imit
for +he latchec group, it tabulates +he' number ot insert
errors to,determine whether an insert block or insert per-
missive should be applied. 'If the insert error count

totals more than three, the program aborts, since that

js & condition that should never occur if the 'system is
operating properly. .The following abort message is typed

" "RWM - More than three insert errors."” -

More Than One Withdraw Error. When comparing the selected

. rod's position with the latched group withdraw limit, the
- program tests to determine if any withdraw errors exist.
~1f the test indicates.more than one error,- the program

aborts and the following message is typed on the alarm
typer: "RWM - More than one withdraw error."”

Computer Mu];ible,0utput,Contro]1er failure. The BCD input
to the PYM operator's panel required to provide .the WITHDRAW
£RROR, INSERT ZRROR, and ROD GROUP displays are supplied
from the computer multiple output controller, which is also
known as the multiple output distributor (14.0.D.). In the
event of zn overload or other hardware-failure in this unit,
the PWM program is aboried and the following message appears
on the alarm typer:- "RuM - M.0.D. failed.”
Segment Transfer Failure. In order to reduce the core space
thet must be ailociated Tor its operation, the RWM program,
1ike a number .of other ‘large process computer programs, is
organized into separate segmens. “There are two segrments oY
the RUM progre=, only one of which is occuoying and being
execyzed -in cocre at.eny civén tire. When Secment Cne hes
Seen completec. one of cerverz]-entry points into Segment

TWe is~designa:ec,‘depending on current system status, and

& subroutine i: employec =0 +ransfer Segment Two from drum
inTz tTne core space prasently cccupied: by Segment One . F
gi-ilar zrzrsizr of Segment One back into cors mey be c2lilec
2t =he comgletion of Segment Two. Should either of these
+yznsfers fail to be accomplished, the RWM program 1S aborted
anc the foilowing messzge is typed on the alarm typer:
"R segment transver failure."
TS ATIONCHIPS WITH CTHER SYSTEMS
-z oy §g zirsctiy vrelzted O InE crocess computer.
352 -gsizicn and seiectac rod CCnes from the roc position indication

(2]

<

rezctor menual conirgci sysienm.
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4, A power level signal based on steam flow.comes from the feedwater
control system.

-

5. The rod sequence control system is considered a backup for the RWM.

I. TECHMNICAL SPECIFICATIONS

1. Whenever the reactor is in the startup br run modes below 20%
rated power, the RWM shall be operable or a second licensed
operator shall verify that the operator at the reactor console
is following the control rod program. ,

Noté: If this specification cannot be met the reactor shall not

’ be started, or if the reactor is -in the run or startup
modes at less than 20% rated power, it shall be brought
to a shutdown condition immediately.

2. The capability of the RWM shall be verified by the following
checks: ,

a. The correctness of the control rod withdrawal sequence input
to the process computer shall be verified before reactor
startup or.shutdown.

5. The RWM computer on line diagnostic test shail be successfully
performed.

c. Prior to startup, proper annunciation o7 +he selection error
of at least one out-of-sequence control rod shail be verified.

Prigr To starzup, the rod biock function oF the M shail be
verifisd 5y moving an out-of-ssquence conzroi rod.

[# R

4

e. Prior to obtaining 20% rated power during roc insertion at
shutdown. verify the lziching of the crocer rod group and
-roper annunciation atter inssrt 2rrors.
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8. Review of electrical schematic reading and interpretation
9. Technical Soecifications of the system

GENERAL DESCRIPTION

1. Purpose
a. Monitor critical parameters during all modes of reactor operation
to protect against conditions that could threaten the fuel barriers
and reactor coolant pressure boundary.
b. Reactor Protection System (RPS) protects:

1) Against excessive thermal heat flux that threatens to perfor-
ate the fuel cladding or melt the fuel.

2) Against excessive reactor pressure that threatens to rupture
the reactor coolant boundary.

3) To minimize the energy which must be absorbed following a loss
of coolant accident, and prevent criticality.

2. System Descriction

a. A system of sensors mcnitoring the critical parameters which
control fast response, high retiability relays.

-b. The relays, if tripped, will cause a reactor scram.

c. Definition of Reactor Scranm

ct

L

2eonid insertion of all ogerabie cecniroi rocs by:

a) De-energization of 211 scram pilot soisnoid velves.

nergization oy e

CKUP sCram velives,

o
[47]

c) Isolation of the scram discharge volume.

(93]

fonsists of :

a. Two motor-generator power supplies.
5. Sansors, relzys znd bypess circuitry of the Togic channeis
1} Thers are fuo indenencen:, Tunctionally identicai relay
. - D \
Togic channels. (RPS Chennel A &4 3.
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(%]
~

Tach channel is divided into two jdentical subchannels for
reduncancy and reliability. )

:; Four subchanneis const1tute the one-out-of-two twice screm
log1c used throughout the system.

~

the log;c is norna]]y energ1zed and is fa11 safe (de-energizes
to trip

c. Switches, contgctszand valves that cause rapid insertion of all
contro] rods

E. COMPONENT DESCRIPTION R *': ~

1. Power Supply (F1gure 1)

1él‘ The RPS cons1sts of two 1ndependent trip systems powered by inde-
pedent electrical buses.

. 1} tormzl power to RPS buses A aznd B is supplied by two moter-
‘ cenerator sets.

) Motor )
(1) 25’Hp.
(2 48V AC
(3) 3 Pﬁase
5. Generator
1) 1zov AC
(2) Single Phase

[
ey

(2) 18.75 kVA, 15 kW, 0.87% power factor

(9))

~ s -
J hertl

c) Hotor Cenerator F1yvhe=1 Spec1 fications

(1)A Steady- Staue, voltage regulation- = 2¢ 3pQHz ., Treauency
~ " _.change- 1% (llo load to £u11 1oad)

z' For a.50% step loec che
- 1587, recovery o sis

ct
£
-ds (L}
ot M
[¢1]
3
i
r)
~h
"%
m
Kp)
C
M
3
(R]
3
1
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(3) With a 3 second voltage interruption; voltage and
frequency will not drop more than 5%, reccvery

-~

within 5 seconds.

RPS MG Set§ A and B suppﬁy power to RPS buses B and A
respectively.

(1) Each RPS bus and associated circuitry is referred to
as a scram channel.

(2) Each cram channel is futher divided into two sub-
channels (i.e., A-1, A-2,.B-1, B-2).

Power from buses A and B is also used to normally energize
the S.39A and S.39B scram pilot solenoid valves, on each
of the Hydraulic Control Units, respectively.

2) Reserve Power to RPS Bus

2)
b)

\

cy

From 480V Shutdown Board 18 via the Unit Preffered Trans-
former.

Interlocked so that both RPS buses connot be simutaneously
fed from reserve power.

interlocked tc prevent paralleling RPS iiG set with
reserve power

Scran Yalves [(Figure 2}

«

frz seir of velves zer Hydraulic -OﬂurO] Unit
30th valves are normelly closed.

ide 3 pa=h <cr scram water flow when air pressure to them

b=
..0.:-,.

)
m
(S]]
[4nd
=3
-
b
71}

1) Scram Outlet Valve F-39B)

a)
=)

vents CRD "over piston" area to scram discharge volume.
fpen fas<er than inlet valve on scram.
1) Stroncer spring

(2} Sherter run of air piping, hence faster air pressure
bleed o7f.
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Scram inlet valve jF-39A):

Applies accumulator pressure 10 the CRD "under piston” &rea.

Valve Constfuctidn'

c.
-1)  Air-to-close. )
2) Spring-to-open. )
3) Controlled by a solenoid operated pilot valve. (Scram pilot
solenoid valve)
4) Air pressuré to the scram valves is from-the 100 psig Control
air system reduced to 75 psig. .
Scram Pilot Solenoid Valves (Figure 2)
2. Purpose:
1) To direct air pressure to the scram valves, holding the scram
valves shut. :
2) By repositioning, when tripped, to rapidly bleed air pressure
- from the scram valves .
k. Funciional Description
1) Two valves per pair of screm valves (Both valves must de-
energize tc vent air from the scran valves on & perzicular
Hydrzuiic Contrel Unit).
2} <The valves are divided into two sets.
2} The S5.2%h velves are energized by %PS Bus -~ {2 set}.
5) The S.3%E vaives. are energizec oy 208 Bus B (& set).

c) The. Hydrau11c Control Units (HCU's) are physiczlly separa: +ed
in the feactor 8u11d1nc, nal‘ on eitner side of the drywell.
4) Each set is 01v1~ed into four groups of velves {Group I,
1. IT1. IV).
1} IMinimizes currsnt recuirements “nrouch CCRTECTs énd
refz e, hence increzses CIMICRENT Tide
{2} fach group contains zoout 1/4 of the HCU's.
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e) Subchannel Trips

(1) A trip in RPS subchannel A-1 or A-2 will de-
energize the S-39A valves in all four groups.

(2) A trip in RPS subchannel B-1 or B-2 will de-
energize the S-398 valves in all four groups.

Construction
1) Three-way valves

2) 120V AC, solenoid operated

Scran Discharge Volume (Figure 2)

a.

Purpose:

orovide @ volume of piping sized to receive scram discharge
water from =he control rod drive "over piston" area as 2 result
f a reactor scram.

b. Construction

©Y Parzliel 8" piping, above the Hydraulic Control Units, connected
5y a cormon heacder at cne end.

- 2. iInstrumen:t Yolume

Y Surgese:
is The Tow zcint in tne systme it provices the reans Lo Jetect
+he sressure of any water in the scram discharge volume.

3' ZomstricIicn

"t

ny

g) A diamezer vertica: <ank
5) Uses float switches for alarms, rod block and acram
fynczions.

3z} Instrumentation

-y LIK R, -~ ]
g; =izrm - 2 Jgtiens
1 - —~ - - -
=) Zzz Tut Bleck - 23 zzlions
¢) Szrzn - 30 gzliorns
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5. Scram Discharge Volume Vent and Drain Valves (Fiqure 2)
* a. Purpose: C s

e To isolate the scram discharge volume upon a scram to limit leakage
of reactor water past the CRD seals following a scram.

.. b. Quantity

1) "“Two vent valves, one ‘for the scram discharge volume above the~
east Hydraulic Control:Units; one above the west.

ey

é) One drain valve off ;he gcraﬁ discharge instrument volume.

- y A

c. Construction
- . 1) Air-to-open
2) Spring-to-close

2) ilormally held open by Control air, reduced-to 75 psig through
. the two so]enoi§ opgrateg nilot valves.

-

.. . _a) Kk 3-way, 120V AC soienoid‘va]ve

b) - Cne valve (S-37A) is'norn511y energized by RFS Bus A;
Ce e the other (S-37B) by RPS Bus 8.

c) 3oth pilots de-energize on 2 scram, porting air from
+he ven* and drain vaives whicn close.

est Switch

o
-
e

Voi. Isol. Testi;

[})
[ 9
3
1)
O
wn
1]
.

i

t

o crovide

z-méans 0f isoizting the scren discharze velume
-0 permit leakage rete testing of the scram ¢ischarge

valves.

5} Design

N

Suitch is located on Pznel %-5 apron.

(n]

Tunctional Tescriptien:

.
[ 83
]
2
[41)
i
.
oyl
-l
—
[&]
(4]
.
[e1]
-—
<<
m
—
(V4]
t
(93]

1Y & solencid operazad, -3
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(2) The valve is between the content air 1ine and the
scram discharge instrument volume solenoid pilot
valves.

~(3) Norma]]y_de—energizéd; supb1ied by 120V AC from the
instrument and control bus A.

(4) Going to isolate with the test switch energizes the -
test valve (S-36), blocks air to and vents air from

the scram discharge volume vent and drain valves which

. then close.

6. Backup Scram Valves (Figure 2)

a. Purpose:

To provide a redundant means of bleeding air from the scram valves

2s a result of a scram signal.

b. Functional Description:

1) 7Two pair of valves located near the Hydraulic Control Units.
zy The valves are in the control air sysiem between the air main
end the scram valves air supply header.
2) On a scram, the valves block air supply to the header and
vent the header to atmosphere.
&Y Cgmozrztive scram times:
&) ormal - 90% control rod travel occurs by ~2.5 seconds
sypicaliy; 5.0 seconcs meximum.
=% ZSackus scram vaives oniy - 387 control rod ravel, 33
seconds.
z. Cocnstruction

-\
Vi

-~

-

[ o

r, 3-way, 250V OC solenoid valves, arranged in two

Ol
sdundant pairs.

v
.

(& 8

3' Zugplisc from the ZEQY 20 Reactor “oVv 3oards & and 3.
2' 275 Channels A and B must Soth trip (scram) to close contacts
<o sznergize each valve.

sze: Inergizing zny vaive will cause & scran.

-
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1

5)  Downstream Check Valves ..

a) Ensures that a failure or blockage of the downstream
valve (F-35B or F-70B) will not impair the capility
- of the:upstream valve to scram the reactor.

5 - s

b) The only failure of ihe'downstream valve that would
present problems is one that blocks all ports.

R .

RS N

7. Separation 6% Components

a.

A8 )
0
wr
(€3]
m
=2
(n
)
MY
(T2}
3>

et

o~ et !

Hedundant Trip Subchannels (sensbrg; wiring, transmitter, ampli-
.fiers, etc.) are: - i

1) Electrically

2) _Mechanically
3) ?hysica11y

jndependent so thqt:théyrare unlikely to be disabled by &z common
cause except for electrical power failure.

The tuo .trip channels are physicaliy separated from each other
and from other -equizment to minimize the proability of inter-
actions that misht increase.the possioility of false scrams or
failure to scram. o :

wn
3
(%)

w 00

r, rzlay, subchannel and channel is clezrly iden-
e the possibility of —zintenance sersonrel {or
inzdvertent trigs or undesired operations.
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Aiscussion.is o ne carried cut in creer tTo essure

cen interprey schemztic diagrams. Figure 3 thrcuzn

sed to assist students in understanding the schematic

rams. Ciectricalischematics are shown de-energized. Relay
from Reference 2.
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There are four (4) pressure switches in the vessel high
sressure scram logic.

a) On figure 7

(1) Pressure switches PS3-22 A and B tap the vessel
through the 1nstrument penetrat1on on one side of
the vessel.

(2) PS-3-22 C and D tap the-vessel at ~18e°.

On figure 3

a) High pressure, as sensed by PS3 22A through D, opens
contacts in the Channel A & B scram sensor re]ays.

b) PS-3-22A & C from oppos1te sides of the vessel, de-
energize relay 5A-K5 A & C respectively. (Channel

A

A scram sensor Relays)

c) PS3-22 8 & D de-energize relays 5A-K5 B & D respec tively.
(Channel B scram sensor relays not shown).

¢) De-energize relays 5A-K5 A & C open redundant contacis
in the Channel A scram relay logic. (7he second contact
from *he seme relay is provided to incrsase systiem
relizbility.)

g) 3A-X5 B % D open redundant contacts in Channel B
no“< shown.

¢ZA ce-enargizes (drops ocut) SA-Ki& A & E.

ure <

I3
-
'

(18]

s A ccram pilot solencid vaives (S-3264,

i) De-energized SA-K14A or C will de-energize the solienoids
for groups I & IV of Channel A (the S-32A valves in those
two Qroubs).

;) De-energized SA-{i2z or G will de-energize tne solenci<
far groucs I &% III
-2 3 T TP [ |
“g17-3CriT [ zXgd slej
2} 1£ 3§2-2724 senses rezcsor ~ign pressure {1305 gsizi. by
sn1lowing he orevious relay legic:
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(1)
(2)
(3)
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5A-K5A drbﬁévout (de-energizes).
Then 5A-K14A & E drop out.

The S-39A scram pilot solenoid valves - Group I, II,
111 and IV de-energize.

b) This is a half-scram-and results from one (in this case)
or both sensors in only Channel A, or.Channel B, reaching
its trip point. (lote that the S-398 scram pilot solenoid
valves-are holding air to the scram iniet and outlet

. valves and S-378 on the Insirument Volume vent and drain
vales - see figure 2 - so no scram occurs.)

6) Scram

_.a) Assume that Channel A is tripped as above.

b) By the same relay logic, but in the B Channel, a haif-

scram can be realized.

c) If PS3-22D was tripped:'theﬁ;

(1)

{2)

(3)

a3

&Y e
"o
rap

e) Thus a reactor

n both RPS Chandel &

5A-K5D drops out (de-energizes).
SA-K14 D & H drop out.

The, four groups of SO39B valves (scram pilot

solenoids de-energize producing & half-scran.

The hzlf-scram resulss from one or Soth sensors
in only Channel 3, or Channel &, rezching its
trip point.

o)

2 z2re ¢
+ solenoids are ce-energized

-

diy inserted into the core.

"scram occurs from a minimum of 1 or 2 tripped

L

‘ sensers in both.channels, hence the meaning of t-out-0¥2
+wice logic.

r Scrz— Siznals and frrengenent

Tubchannel Test Swizch (Fiours 3)
1) Purpese
Aliows ¥
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2) Four, one per subchannel

3} Keylocked, two position - iormal and Trip
2) “Trip" de-energizes that channel's 180 relays producing a

hal f-scram.

b. Turbine Stop Valves, 10% Closure

1) Purpose:
To anticipate the pressure, neutron flux, and fuel cladding
surface heat flux increase caused by the rapid closure of the
turbine stop valves.

2) Design

a) <Zach of the four turbine stop vaives is equipped with
position switches.

b} These switches will provide a valve closed signal to the
RPS logic.

(1) Set at < 90% of full open.

-

. .
jzure &)

escription {

)
~
A
[54
3
0
ot
—.
o
3
N
—
)

Wy

. a) The position switch contacts are arranged so that any t
stop. valves can be c1o=ed causing no more than a single
crannel [RPS Channel 4 or 3) =rip - & half-scram.

=) Ziosure of any combinzzion of three stop valves wili cause
a scram in 2ll cases.
2Y Ixamzie of Two Stop Valve Zlosure

11\ 5A-¥14 C % G drop out, which

{2' De-energizes the S$-321 scram pnilot soiencid vaives - &
naif-scranm.
zY In the 2 BPS Channel
1Y The SA-%1l relzys rermein energized because
Y A narzllel szzh i3 still closed around the
COrTECcss Soenes wnen tne 3 0§ S osion valves
are <« 207 scen. .
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From the logic it can be determined that: (Figure 6)
{1) Closing-one velve does not cause even & fglf-scram.

(2) Closiné 1 and 4 or 2 and 3 at the same time does not
yield even a half-scram.

(3) Closing any other combination of two valves will cause
- a half-scram...- . - -

(4) Any combination of three or more valves closed (<90%-
.- _Full Open) will'cause a reactor.scram.

6) Bypassed when power is <30% as sensed by turbine first stage
pressure.

Generator-Load Reject-Scraﬁ

1) Purpose:

To anticipate the rapid increase in pressure and neutron Tlux

to

resulting from fast-closure of the turbine cortrol valves due
¢ load rejection. - -

2) Definition of load reject:

Grezzer +han 40% mismatch between generator stator emps and

turbine crossover pressure.

2) Desien

-
=3

i

(B ]
- -

[T R D S |

& lozd reject signal will energize the fast acting s¢leneid
valves on ‘the control valve actuztors, which removes
sydraulic trip fluic pressure.

ris sigral comes from pressure swiiches cn the fast zcting
riz control-fFASTC) supply to the contir2l valve digc zumds
nefer to EHC Hydraulics) Loss of this pressure will cause
Zrapidiclosure of. the control valves.

Circuitry is desinced such that the pressure switch on
cither control velve 1 or 2 will.zrip (ce-energize) RPS
Channel A.

itrer conirol vaive

1
[AN)

)
-
i~

4i1% trip APS Channel E.
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These switches will also provide a scram signal on loss of
hydraulic trip fluid pressure when a load reject signal is
not present - loss of hydraulic fluid pressure can result
in a fast closure of the control valves.

Scram Bypass

This scram is bypassed when powe% is <30% as measured by
turbine first stage pressure.

Scram Discharge Volume High Level, 50 Gallons

1) .

[AN]
~—

(&%)
~—

Purpose:

To initiate a scram while adequa%e volume is available to

receive scram discharge water to assure that all operable

drives will fully insert.

Design

a) Four independent, non-indicating float switches zare
provided on the scram discharge instrument volume,
(Figure 7)

b) Two flozt switches from opposite legs of the instrument
volume provide the l-out-o7-2 logic for the RPS channels.

Functional Description

a} LS 85-45 A ¢r C are capable of trisping Channel A.

b) LS 85-25 3 or D will trip Channel B.

Scram 8ypass (Figure 3)

vyst be eslz “o0 bypass this scram, as it is received
“o1lowing a1l other scrams cue-to water {rom the control
rod drives, to allow for resetting a scram. (Scram reset
is discussed later.)

b) A two position, keylock switch on Panel 9-5

(1) HNormal and Bypass

(@]
~—

~he ~ode swizch mus® be in Shutcown or Refuel for Dypass
capabilitiss.
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f. Condenser Low Vacuum, 23" Hg

(18]

=15 -

- iHote -

Going-to Startup/Hot -Standby position with a high level in
the instrument volume will cause a scram regardiess of
Bypass switch position.

-

« -

P .

1) ' Purpose . s

a) To perform as a backup scram to the turbine stop valve
closure-scram. -~ - -

b) Anticipétes stop valve closure (Turbine Trip) on’loss
of vacuum (19"Hg) and subsequent scram.

-

(1) The stop valve closure scram function alone is adequate
to prevent the clac safety 1imit from being exceeded.

(2) This scram occurs before the stop valves close, thus

the resulting transient is less severe.

c) Anticipates loss of the condenser as heat sink.

"Z) Design

z) Four vacuum switches tc monitor condenser vacuum.
5) One switch each for condenser sections 2 and C.

¢} Two switches for Section A.

(133

Functional Description {Ficure 7)

-2

Nl

r

ct

z) Chznnel A-euxiliary
« -
Aol

ia
on .section 3.

relzys are de-energized oy switche

wn

b) Channel B is controlled by +he other swiich on the A condenser

section and the Section C switch.

¢) Llogic is 1-out-of-2 twice.

:' Screm 3yoass: {Figure 3} -
~nis scram is bypassed when reacisr pressure is <1085 peig
and moce swizch is not in AU

-1

,-
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[N ]
—~

Desian

a) The scram logic is identical to that for turbine stop
valve closure. .

3) Functional Description (Figures 6 & 7)

a) Main steam line inboard and outboard isolation valve
position switch contacts are in series in the subchannel
Togic.

(1) The concern here is isolation of steam lines, not the
total number of valves shut.

b) As with turbine stop valveﬁ, a maximum of two steam lines
may be isolated (<90% full open on MS IVs) without
scramming the reactor.

(1) Isolating one steam line does not cause even a half-scram.

(2) 1solating steam lines A and D or B and C does not
cause even a half-scram.

(3) 1Isolating any other combination of two main steam 1ines
will cause a haif-scram.

(4) Isolat
¢

ng any combination of three main steam lines
will us

i
zuse a reacior scran.
ote -

t high power levels it is possible to cause a
vils closing an S I¥Y. The scram is caused b

4 senzaed in the ¢z stz2ap 1ine Tlow resir
s2s z Srcup T discizzion. nen <the 1S IVs
isolation the reac 4

m by
h steam
s wnich

iy
wy g

1
i

ct () oy oy T

n

-
-
1
'
a
<
n

=
N

Scram 8ypass:

This scram is bypassed when reactor pressure is <1035 psig and
mode swi<ch is not in Run.

-~
(R

Lt

TN - ~
121 Jrvwel; “resiurs. ~—Z O

1) Purpose:

40 °5ic inciczzas a leak in the primary system within Ihe dry-
4211, Sne zerzm iimits tne amount of energy znd gressure trans-
mijtred =5 the drywell during z design basis accident. znc orevent
recrizizaiic,s Jmzn tre cors Y5 reficeced
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2) —Design: ' I ‘

Signal comes from four independent -pressure switches.

3) Functional Description (Figurés 3°& 7)

.Trip logic is‘thé‘strajght'foﬁward'l-out-of-Z twice. ;

4) Scram Bypass:

There is_no bypass of this scram.

i. Reactor High Pressure, 1055 psig

--1) Purpose: . .

N -To.serve as a backup scram to the high neutron .flux scram to
' " 1imit vessel pressure to a value below the reactor vessel
pressure safety limit: .

2) ‘Design: S .
Previous1y'aiséussed under F:1.b.

3) Functicnal Description:

Previously Qikcﬁ§$edfunder F.1.be

1} Scram Bypass: - - - oL
There is no bypass of this scram.

5. Seactor Low Mater-[evel, + 10" .

1: Furcoss:

Prevents power operation at water levels lower than those assumed
in the safety enalysis. Low water Jlevel indicates that the
reactor core is in danger of having inadequated cooling.

2) Design:

Sicnal is from-four (&) level indiceting switcnes.
3) Functicnaal Descristion (Figure 3 3-7}

z) One switch from each sensing leg contrsis & suichanne
reldy.

~

-h

-2 Twice.

ty

-

4]

jogic is i1-cut-o
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k. Main Steam Line High Radiation, 3 Times ‘'lormal

1) Purpose:

Increased radiation level in the steam line tunnel above
th?t due to %ge normal nitrogen and oxygen radicactivity
(w13, w16, 0'2), is indication of fuel failure. This
scram reduces the scurce of such radiation.
2) Design .

a) Four logarithmic radiation monitors are used.
b) Installed as-a cluster.

(1) Approximately equidisfant from all steam lines.

(2) Each detector is exposed to approximately the
same total radiation level from ail four steam lines.

3) Functional Description (Figures 3 & 7)
a) Logic is 1-out-of-2 twice.
L} Scram Bypass:

There is no bypass of this scram.

1. ‘eu*ron “onitoring Svstem, (I4iS)

-
.

SUYsCSE:

To srovide high flux scram protection from well helocw the power
rznge +o full cower conditicns.

(&% ]

zV Design {Figure 2;

) Each RPS subchannel is provided with two sets of two contacts.

1]

o
-
-

ach of these redundant sets of contacts can be tripped by its
resoective NS trip legic.

1} A totzl of eight IR instruments, four per RPS cnarnel.
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(a) IRM'S A, C, E, and G are in RPS Channel A.
- ~(b) 1I84's B, D, F, and H are in 3PS Chennel B.
(2) Logic is 1-out-of-4 twice.

(3) Scram Trip Point Settings

. Scram ) Set Point
IRM Hi-Hi . 120/125 of scale
IRM Inop °° 5 Switch not in Operate, or module

unplugged, or High Volt. PWR.
Sup. Low Voltage

(4) Scram B&passx
~ (a) Only one IRM per RPS channel mey be manually by-
_.passed due to physical arrangement of the bypass
switch.

(b) Automatically bypassed in Run, under normal
. conditions (more later ).

b) Average Power Range lionitors, (APRM)
{1)  Llogic is 1-out-of-3 twice.

(2) A total'of six (6} APXI's feed RPS - 3 o each
. channel.

(2) One APR!M in each channel is ussd Twice.

{b). 3PS A-1 RPS A-2
AF2H ) ALE Cit
RPS B-1 RPS B-2

APRE . B4 F B AD
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Scram Trip Point Settings
Scran Set Point
APRM Hi-Hi* 15% (in Startup)
APRM Hi-Hi* .66W + 54%
APRM Inop Module unplugged - Switch not in

Operate - <14 assigned LPRM's in
Operate

Scram Bypass

(a) Only one-APRM per RPS channel may be manually
bypassed due to physical arrangement of the
bypass switch.

(b) The 15% Startup scram is bypassed when the mode
switch is in RPun. (This is done with the APRM
circuitry and is not shown here.*)

¢) Companion IRM/APRM

(1)

Ensures sufficient overlap of nuclear instrumentation
when transferring from Startup to Run and conversely.

Logic is 1-out-of-4 twice.
Interrelationships are as follows
3" - companion - 292

RPS A-1 A A
RPS A-1 < £
2PS A-2 < c
RPS A-2 3 E
RPS B-1 8 B
RPS B-1 F
RPS 8-2 > 0
2PS B-2 4 3
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(4) Scram Tfip Point Setting:

APRM downscale (3/125) and companion IRM Hi-Hi or
Inop.

(%) Scram'Bypass:
Autohafi;a11y’byhé§sed when mode switch is not in Run,
d) The NMS’tr}ﬁ'Féléj§’L5A1K12's)“go‘fQo places.
g}) The sybcﬁanne1 scram re1ay§ (5A-K14's) and,

(2) The init{allfué1 loading %nstrumgnt trip relays

. m. Initial Loading Noncoincident Instrument Trips (Fiqure 3)
1) Purpose:

To provide noncoincident huclear instrumentation scram
. ... capability during initial core loading.

2) Design:

The RPS subchannel trip relay contacts are arranged such that

both RPS Channel A & B are tripped upon any nuclear instrumen-
.- tation trip. (Any single SRM, IRM or APRM trip - this is the
" meaning of.noncoincidence.) '

3} Functional Description _

) Four scram sensor reiays (5A-K13's) two per RPS channel,
each of which is tripped by

[¢1)

11)- SaM Hi-Hi (5 x 10°-¢ps) or,

(2) A deutron Monitcr System subchannel reiay [ZA-K12's ).

(IRM or APRM trip.)

b) Each scram sensor re1ay'de-energizes Reactor Manual Scram
relays [5A-K15's) in both RPS Channels A & B.

c) Tre Reactcr Manusl. Scram relays de-znergize the scram pilot
vzlve sclencids for the RPS channel. (Figure )

f1}) The S-39A valves are in RPS Channel A.

(2) The @-398 valves are in RPS Channel B.

>

Scram 3vpass
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a) This scram is normally bypassed by shorting links installed
around the auxiliary trip relay contacts in the manual screm

circuits.
b) There are two shorting links per 2PS channel, a total of four.

c) The shortirg links are normally installed after initia{
fuel loading is complete.

Mode Switch in Shutdown (Fiqure 3)

1) Purpose:
Jo provide an alternate normal method of scramming the reactor.
2) Design:

This is the only scram that can be caused by actuation of
a single component.

3} Functional Description
a) Two contacts serve as inputs to the RPS A3 subchanneils.
&) Scram Bypass
a) Adtomatica]ly, by circuitry, following 2 second time delay.

- b) Allows reactor scram to be reset with the mode switch in
Shutdown. (Discussed later under F.3.c. Reactor Scram Reset)

“znual Scram (Figurz 3)

1} Purpose:

-

Allows operzior o scram the reactor in advance o7 imminent
triss, and to foilow up zutomatic scrams.
2% Dasian

a) Two manual, back-1it red, push-krobs.

b) One per RPS Channel.

3
—

Functional Jescription:

m

ctn knobs must be pushed o initiate a reactor scram. cne in
ach RPS Channel.
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. 4} Scram Bypass:

There is no bypass for this scram.
2. Other RPS Functions : ’ '

- a. Backup Scram Valve Controls

1) Purpose:

Jo provide a means of energizing the backup scram valve solenoid,
thus- bleeding air from the scram valves - a backup scram.

2) Design (Figure 2)

. - r,

" a) Four solenoid valves arranged in two pairs; either is capable
- of providing the scram.

5) Power ‘supplies to the sclenoids are two 250V DC buses.
. "~ ¢) The solenoids are normally de-energized.
3) Functional Description: (Figure &)

The logic is disigned such that a trip of:

. z) ' Any subchannel’in both RPS channels is required. To
. ] energize. any of the backup scram valves.

. b. Scram Discharce Volumz Vent and Drzin Velve Corzirsls

'

1} Purpcse:

- o osrovide the necessary circuitry “o isolate the scram dis-
zhewze volume on & reacior scrzm sfznal.

2) Design: (Figure 2) -
See Section-E.5.b: B

-

3} Functional DeScrioiion:. (Figure 2 & 2)

wr
vt
h
10
[&}

c=h solenoid vaives {3-373%B}, when ce-2nergizzc.
instrumsnt zir icn:

. 1} Closes :tne drain vzlve, and

{2) .Closes +he vent valves. «
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r
~—

as the $-3SA Group I scram pilot valve solenoids.

¢) Solenoid valve S-378 is controlied by the $-39B Group I
logic.

4) Bypass:
Hone.

Reactor Scram Reset (Figure 3 & 4)

1) Purpose

a) To re-energize the Reactor Scram Relays, the Manual Scram
Relays and the scram pilot solenoid valve.

b) To open the scram discharge volume vent and drain valves.

¢) An de-energize the backup scram valve solenoids.

Z) Design
2) A three position switch:
(1) Spring returned to Normal.
{2) Left, resets groups -2, A-3. B8-2, 8-3
’3) Right, resets groucs A-1, A-4, 3-1. 3-4
2} Resezting a Hal?¥-Scram
z}  Czuse of scrzm must be correctec or sypassed (iF possible
znd ot limized by the Technical Snecifications or operat
procedures). '

b) Turn scram reset switch both directions

¢) Gbserve that the scram silect group lights ccme on.

|
—

Solenoid valve $-37A is de-snergized by the same relay logic
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c¢) Ensures no scrah canditions exist, other than Channel
. A/B Disch.Volume High Level (scram annunciator for Hi-Hi-
Level - 50 gallons).

] d) Bypass scram discharge volume high level scram with’
B keylock switch.

- St et e ) Turn scram reset’ switch both directions (observe scram
- o ©° . ":pilot .group:lights come on).

_ f) Leave mode switch in Shutdown or Refuel until scram
S - -discharge volume high level scram clears (going to Startup
S vl - will cause a scram regardiess of bypass switch position).

v - Note:

Once mode»éﬁitch-ﬁs taken out of S/D position, returing
it to S/D will cause another scram.

[8)]

)} Time Delays.-

. - © . a) Ten second automatic reset of mode switch is Shutdown, ’
P < previously mentioned. (Following relays are in Reference
’ 2 prints). -

(1) In Mode Switch position except -shutcown, 5AK-16 is
de-energized, and relay 5A-K17 is energized.

(2) 5A-X16 coing to Shutdewn picks up {energizes)
(a) Closes cne contact in Manual Scram circuitry
bypassing the S/D scram.
D
(=) Cpens & contect in th

[{+]

54-¥17 relezy circuitry.

s - (3) .Relay 5A-K17 then de-energizes foliowing a 2 second
; . . time delay.

- . (a) Closes the other contact in the NManuai Scram
circuitry, bypass complete.

b) Peazctor Peset Time Telay (Ficure 4)
15Y Purcose: .
T ’ o To ensure that &1l rods have .complezed their scram
; o ctroke-before any scram can be reset.

{2} Functional Description

(a} This time Zelzy crovides the ZTOVE purp0se if tre
mode swizch is zzken to Refuel instead of Shutlown
f0llowing & scrar.



{b)

(c)

(d)

(e)

()

(g)
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The 5A-K22 relay are normally de-energized and are
controlied by the same logic as the backup scram
valves.

When the 5A-X29 relays are picke& up on a scram:
i.  The contacts shown on Figuref open. '
ii. Contacts to relay 5A-K30 A & B close.
Following a ten second time delay the 5AK-30
relays pick up and close contacts to the 5A-K30

A & B close.

When the Scram Resét switch is operated in both
directions the 5A-K19 relays are then energized.

The 5A-K19 relays close contacts to bypass the
5A-K14 and 5A-K15 relay seal-in contacts, energizing
these relays if:

i. The cause of the scram has been corrected, and
ii. S/D mode time delay satisfied, if applicable.

The 5A-K14 and S5A-K15 relays energizing will
energize the $-39A & S-39B scram pilot solenoid
valves.

ihdividual- 2od Scran Test Switch (Figure &)

Purnose:

To arovide indisidual

roc scran testing capabilisy

(A%]

N

L

or R?S tric zction.

PR,
cne Soram

2 Ipa- - e +
2 1ATerrubT SOwer 2
1

ing individual rocs.

b} One switch per control rod trips both the Channel A & B
scram pilot solenoids for one drive.

ASE32TI0NAL SUIMMARY

lavarsaces of Tre Ssstem

a. Szilure o5¥ z comoonent. sensor or relay in any subcheannel. <o trip
.men recuired to do so will be backed up by a redundant, identical
subchannel capacle of performing the entir half-scram {unclion.
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..~ b. Failure of a component in any subchannel in the scrammed condition,
_when not required, will cause a half-scram in the associated channel
caly. . (o rod motion wiil ‘occur since both channels must be trippec
to scram control rods.)
c. The Reactor Protection System is designed to provide the highest
: pratical degree of plant safety, with continuity of service as the
-~ second basic criterion.’ . -
1) " THeoretically, 1-out-of-2 twice logic is slightly more reliable
_than 2-out-of-3 and a little less than 1-out-of-2.

) 2)¥ Howéver, the advantage of this dual logic system is that it can
. - 37 be tested completly.at ‘full power operation which contributes
RS significantly to increasing reliability.

- [

2. Possible Problems

a. 0f one cf the relays fail or a fuse blovs, a half-scram in the
'unaffected channel &t the same time could cause one rod, & fourth, or
. “one-half of the control rods to scram - check-white lights for scram

‘pilot groups. ot .

“- Y. TECHNICAL SPECIFICATIONS CoL ' -
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LIMITING CCNDITIONS FOR 9QPERATION

Applicability

Applies to the instrumention.
and associated devices which
initiate a reactor scram.

Objective

To assure the operability of
the reactor protection system.

Specification

The setpoints, minimum number

of trip systems,; and mininum

number of instrument channels
that must be operable for

each position of the reactor

mode switch shall be as given
n Teble 3.1.A.

SURVEILANCE REQUIREMENTS

£

REACTOR PROTECTIC: SYSTEH

Applicability

Applies. to the surveillance of
the instrumentation and asso-
ciated devices which initiate
reactor scras.

Objective

To specify the type and frequency
of surveillance to be applied to
the protection instrumentation.

Specification

A. Instrumentation systems shall
be functionally tested and
calibrated as indicated in
Tables 4.1.A and 4.1.8 respec-
tively. (Not incleded here).

8. Daily during reactor power
operation at greater than or
equal to 25% thermal power,
the maximum total peaking
factor shall be checked and
the scram and AP3M Rod 2icck
settings given Sy eguations
in spec1r1cat1cns 2.1.A.1
and 2.1.B shal’l be calculatad.

(4]

When it is ¢ ~-ined that 2
channel is fzi724 in “he unszT:
condition, the other RPS
channels that monitor the same
variable shall be Functionally
tested immediat lj before the
trip system ccnzaining the

ALY |
-t 4

-
o
o}

i

failure is risced. The zrip
system containing the unsa~’s
failure may te triocped 7or
short periods st time 0 210w
functional tes: 1nc of the
cther trip system. The trip

S/SLEW may be 1n ‘He untrincpe

positicn for no Tore lhan e1~“
hours ser Furcticnal
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TADLE 3.1.A
REACTOR PROTECTION SYSTEM (SCRAM

«
[ M

Trip Level Setting

o IE!D_KE“CC1°“

.o
b
i}

Hode Suttch {n Shutdown

Hanual, Scram

e (16) _—
. Nigh lux i.lag/%gglgndicnted

s

PR .
¢ Inoperative .,

APt (16) o
Nigh 'lux
Mg Ylux

¢ Inoperative .
Dounscale

'ﬁch Spec. 2.1.A.1

< 157 rated powver
ay - e

>3 Indientéd on Scal

ligh Reactor, Pressure < 1055 polg

(WS

High Qlt‘/ucl 1

Pressure “(L4)

Reactor Lov Vaterx
Level (14)

2 polg

» 530" above veasel ;céo

—

ftigh Wator Level in
Scram < 50 Gallons

plucharge Tank

; Shut- )
‘dowm Refucl(7) _ Standby:’ Run

) INSTRUNENTATION REQUIREMENT

Modes in Which Function
Must De Operable
Starcup/ilot

X X X X

X X X X

X X x ()
X X (5)
X x(17) (13)

X x(2) x X

.+ Acetion(l)

1.A

1.4

“OLLA

1.A

_62-

e ———co————
s
—r v = o




fin, Ho.
ol
perable
Inul.
Tannels
rer Jvip
wystoem (1)

1

Trip Function
Main Steam Line Isolation

Valve Closure

1w bine Cont. Valve last
Closure

furbine Stop Valve Closure

[urbine Control Valve -
Loss of Control 0il
Pressure '

T bine First Stage
Pressure Permissive

Turbine Condenser Low
Vacuum'

Main Steam Line High
Radiation {14)

Run
< 10% Valve Closure X(3)(6) X(3)(6) X(6)
Upon trip of ‘the fast x(a) . X(4) X(4)
acling solenoid valves
< 10% Valve Cldsure X(4) X(4) X(4)
> 550 psig X(4) - X(4) X(4) -
< 154 psig X(18) X(18) x(18)
> 23 In. llg, Vacuum X(3) : X(3) X
< 3X Normal Full Power X(9) X(9) X(9)

TABLE 3.1.A (Continued)

Modes in Which Function
Must Be Operable

’ Startup/llot
Trip Level Setting Refuel (7) Standby

Background (20)

Action(1).

1.A°0or 1.C

1.Aor 1.0

1.Aor 1.0
1.Aor 1.D

(19)

1.Aor 1.C

.1.Aor 1.C
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10. Mo: required *o operate when the reactor prassure yessel heed i1d not
bolted to the vessel.

11. The APRM downscale trip function is only Sctive when the reactor mode
switch is in run.

12. The APRM downscale trip is automatical1y bypassed when the IRM instru-
mentation is operable and not high.

13. Less than 14 operable LPRIl's will cause a trip system trip.

14. Channel shared.by-Reactor Protection System and Primary Containment
and Reactor Vessel Isolation Control System. A channel failure may
be a channel failure in each system.

15. The APRM 15% scram is bypassed in the Run Mode.

15. Channel shared by Reactor Protection System and Reactor Manual Control

System (Rod 3lock Portion). A channel failure may be a channel in
each system.

17. MNot required while performing low power physics tests at atmospheric
pressure during cr-after refueling at power levels not to exceed 5 MH(%).

18. Operability is required when normal first-stage pressure is below
307 (<127 psig).

10. Acticn 1.A or 1.D shall be taken only if the permissive fzils in such
z manner 0 crevent the affected 2PS logic from performing its intended
sinc=ign. O=herwise, no action is reguired.

20, An alarm setting of 1.5 times normzl background at rated cower shall
~e eg-zhlisked to alert the operaior to adnormal radiation iaveis in
zri~z+y c30linT
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2.3.1 Bases
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2. -Preserve- the -integrit

"3, ‘Minimize the energy which-.mu

The reactor prptection system automaticaliy initiaf%s a reactor scram to:
1 Preserve’the integrity of the fuel cladding.

y.of the reactor coolant system.

A Vo .

Hir st .be absdrbéd«fo1ibwing a loss of
coblant accident, and prevent .criticality. .

This . specification provides the limiting conditions. for operation

‘mecessary to preserve the ability:of the system to tolerate single

failures and still perform its intended .function even during periods
ithen instrument ‘channels may be out of service because of maintenance.
wqénlﬁeéeSSary, one channel. may be made operable for brief intervals
to condq;;‘required functional tests and calibrations.

The reactor protection system is made up of two independent trip systems.
There are usually four channels provided to monitor each critical parameter
with two channels-in each trip system. The outputs of the channeis in &
trip svstem are combined in a logic such-that either channel trip will

trip that system. The -simultaneous tripping of both trip systems will
produce & reactor scram.

“he syszem has & reliabiiity greater +han that of a 2 out of 3 system
and scmewhat less than that of a 1 out of Z system.

With -he exception of the Average Power Range Monitor (APRM) channels, the
Intermedicte Range Monitor {iR4) chennels, the Main Stezn Isclatzion Velive
clos.re &nd -he urdine Stor Valve closure, each trip sytem logic has

one inssrument channel. ‘he the minimun condition for operation on the

number o operadle instrument channels ger untripped protection trip sysierm
or i% it cannot:be-met and the = ected protection trip sysiem

4 in & tripped.conﬁition,\the'e ectiveness of the protecticn

: -veserved; i.e., the system < slerate a sinaie failure and

erform its intended:function of-s i
n

-
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cremming the reacior. inree APRN
ent channles are providedvfor.each,protection trip system.
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h srotection trip system hes- one more APRM than is necessary to MEET
T

minirud number required per channel.. his allows the bypassing of one
nce, testing or calibration.
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~ Syptection irip sysiem for meinten
z2u channels have aiso been crovided to allow vor syrassing =
wznnel. The:bases ;for the sCrin setting for the IRM, APRN, mizh
csure, Jreactor low water 1evei, NSV Tosure, turbine CORIroi
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Bases

Instrumentation (pressure switches) for the drywell and provided to
detect a loss of coolant accident and initiate the core standby
cooling equipmeat. A high dryell pressure scram is provided at the
same setting as the core cooling system. (CSCS) initiation to minimize
the energy which must be accommodated during a loss of coolant .
accident and to prevent return to criticality. This instrumentation
is a backup to the reactor vessel water_ level instrumentation.

High radiation levels in the main steam line tunnel above that due to
the normal nitrogen and oxygen radioactivity is an indication of leaking
fuel. A'scram is initiated whenever such radiation level exceeds
three times normal background. The purpose of. this scram is to reduce
the source of such radiation to the extent necessary to prevent re-
lease of radioactive material to the turbine. An alarm is initiated
whenever the radiation level exceeds 1.5 times normal background to
alert the operator to sossible seroius radioactivity spikes due to
abnormal core behavior. The air ejector off-gas monitors serve <0
back up the main steam line monitors to provide further assurance
against release of radioactive materials to site environs by isolating
the main condenser off-gas line to the main stack.

A reaczor mode switch is provided which actuates or bypasses the
varisus scram functions appropriate to the particuiar plant operating

StEtus.

The manual scram function is active in a1l modes, thus providing Tor
2 ~czns of rapidly inserting control rods duriny &l mcces o7 reazcior
gre-ation.

The I system [123/123 scram) in conjunction with the APRY systiem
{13 * scrzm) provides protection zzainst excessive power levels and
s-cem wszc=sr ocericds in the stariun and intermedizie SOWer ranges
~ne control rod drive scram system is desinged sc that 371 ¢¥ tne

water which is discharzed from the reactor by a scram can Dde
zcecmmodated in the discharge piping. The discharge volure tank
accommodates in excess to°50 galions of water and is the low point

in <re niping. Mo creZit was taken Yor this volume in the desiagn

of =me “ischarge pioing as cencerns thez amount of water which must

he secsrmodated during 2 scram.  Curing normal operation the Zischarse
/0% .me is amoty: however, snculd it £ with wzter. he water dis-
cnzrzsc¢ o tne oioing from the reactor couid not Se zccommecated

wadien would resui* in sicw scram “imes er partical cenirsy rod incertion.
-0 =reclude *his occurznce. lsvel swizches have been proviced in the
jnc-rument volume whic~ aiars and scram the reactor when the volume 3
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of water reaches 50 gallons. As indicated above, there ic sufficient
volu=e in the niping to accommodate the screm vithout inpairment of

the scram times or amount of insertion of the control rods. This function
chuts the reactor down while sufficient volume remains to accommodate

the discharge water and precludes the situation in which a scram

would be required but not be able to perform its function adequately.

A source range monitor (SRM) system is also provided to supply additional
neutron level information during startup but has no scram functions.
Thus, the IRM is required in the -Refuel and Startup modes. In the power
range the APRI system provides required protection. Thus, the IRM

System is not required in the Run mode.

The high reactor pressure, high drywell pressure, reactor low water
level and scram dischatge volume high level scrams are required for
Startup and Run modes of plant operation. they are, therefore, re-
quired to be operable for these modes of reqctor operation.

The requirement to have the scram functions as indicated in Table
3.1.1 operable in the Refule mode is to assure that shifting to the
Pefuel mode during reactor power operation does not diminish the
need for the reactor protection system.

The turbine condenser low vacuum scram is only required during power
operation and must be bypassed to start up the unit. Below 154 psig
turbine first stage pressure (30% of rzted), the scram signal die to
turbine stop valve closure, turbine control valve fast closure, and
-urbine-control valve loss of contol oil pressure, is bypassed because

fiuy. and pressure scram are adequate 10 protect the reactor.

1pai-downscale 1imit of >3% when in the Run mode and

t of <157% when in the Startup Hode, the transition
up znd Run Hodes must be made with the APRM instrumenta-
et

oy
om

ween 3% and 1% of rated power or & control rod

-~ will occur. In eddition, the 2™ sysiem must be indizzting below
digh Flux setting (1207125 of scale) or a scram will occur when

in the Startup Mode. For normal operating conditions, whese 1imits
provide assurance of overlap between <he IRM system and APRM system sO
~ha= there are no "gaps" in ihe power tevel indications (i.e., the power
ievel is continuously monitored vrom beginning of startup to Tull

cower and from fuil power to shutdown). When power is being reduced, i€
= <rznsfer to the Startup mocde is made and the IPM's have not been

fuils inserzed {2 meloperationa’ but not imeossibie condizion;

can-rol rod Hlock immediately occurs SO «ha< reactivity insertion by
cer=ral rod withdrawal cgnnot occur.
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BWR SYSTEM
LESSON PLAN

ol N ~ - o . N - a

FEACTQR IANUAL CONT.O SYQTEM;AND ROD FdSITIO? IRFOP? TION SYsTzH

REFERENCES o
1. BWR Systems Manué] "Chnpter 7 2
2. GEK 45837 - Reactor Manua] Control - Browns Ferry
3. GEK 32539A - Rod Pos1t1on Informau1on System - Browns Ferry
4. Browns’Ferry Procedures’
Ca. Operatihg Instructions'0I-85" -

b. Surveillance Instructions S}4.10.A.1
5. Browns Ferry Prints k

a. Mechanical Control Diagram 47#610 85

b. Mechanical .Logic D1agram 474 611-85
6. Final Satety Ana]ysis Peport - Bréwﬁg Ferry
7. Technical Specifications - Browns\éerry
8 . Card File 7.2

.o

1. To uncerstanc the puUrpose pf the system.

~a familiar with major sysIem components and their
S T

3. To understand system instrumentation, interlock, alarms, 2nd

setpoints.

To uncerstanc the au;pmatic actiopg and limitations of the systen.

.
. -~ ' ~ T

(&)

o

-
i

Tc hecome fzmilier with systen oD ation.

r— -a AT CASTETTINAN fre - v
GINZRAL DISCRIFPTION (Figure 1) |

-~

1. Fursocse - Rezctor Manuel Con;run <
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a. To cause control rod movement by providing the necessary
electrical signals to the soienoid cperated diractional
control valves on the CRD hydraulic control unit.

1) Controls Valve Operating Sequence
2) Controls Valve Timing

b. To prohibit movement of control rods during certain potentially
unsafe conditions. )

Purpose - Rod Position Information System (RPIS)

To provide operator and related systems with control rod position
and alarm information.

Major Components of Reactor Manual Control System
a. Fuli Core Display (Figure 2)

b. Four Rod Display (Figure 3)

c. Pushbutton Select Matrix™ (Figure 4)

d. Manual Control Switches on §-5 Pznel

1) CRD Control Switch

2} (AL “lotch Override Switch
3} (AL Rod Power Switch
2} Roc Craft Alarm Test Switch

(93]

’

e. Indicating Lights on Panel 9-5 Apren Section

-—
—

Movement Control Lights
27 Tirmer Malfunction Lights

“ocde Cne 20d Ssvrmissive Lizht

-3

Maizr Compcnents cf Rod Positien Information ysten

. e=d swi=ch orcoe ‘n cenzer of conirol rog Zrise
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. _COMPONENT DESCRIPTION

1. Full Core Display (Top o7 ?ane] g-5) (Figure 2)

a. Full Core Display congisis of:

} 1) 1Individual 4 L1ght D1sp1ay
2) Digital Readouts
.. 3) .Loca1 Power Range Mon1tor (LPRH) Hi- Low Indicating
v Lights'

T

b. Arrangement

Displays are arranged on pane] in the same conf1gurat1on
as the rods in the core. .

" ¢. " Individual & Light Display

®» )

2)

Indicates Control Rod Status.

White L1qht SO

s~

’r

indicates rod 15 selected (1abeiéd with rod's core locaticn

‘code)

(8] ]
—~

11
4

Ped Light

‘Incicates Rod-Drift (lzbeled grift)

1

mber Light

Incicates sccumulator: trouble (lzbeled Accum)

A
‘

W

]

‘o M. Pressure S7C nei

iicates both in]eL and QUL!E; scr~r yalves open {iabeled
-~y . T

notch position of :r0od from Rod | tociticn Information
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Tndicates rod limits with red and green back lighting
a) Red back light for full out
b) Green back 1ight for full in

LPRM Hi-Lo Indicating Lights

1)

2)

4)

Purpose

To indicate when LRPM chamber outputs are not within normal
power range flux levels.

White Lights

Hi flux above acceptable power level
White Lights

Lo flux - LPRM not yet on scale

Not part of reactor manual control, will be discussed
in depth in LPRM lesson plan.

2. Four Rod Dispiay (Panel §-5 below fultl coreldisp1ay) (Figure 3)

a.

Displays group containing selected rod and adjacent 3 rods.

1) Core is divided into grouss for rod selecticn gsurposes
only (Figure 3;.

2) Each group contzins 2 rods in 2 square patiern surrounded

(&%)
[

LPRM string outputs disoiaved

by an LPRM string at each corner.

are resresentac Sy 40IS On dush-

-

The LPRM siring locations
butzcn select matrix.

on reters.

Shows inputs to rod block monitor system.
Cissiays pover around rod
i€ L52)M is bypessed, me

T
bynassed light besice 7e
Lesson Plan).
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“zst greuns contain 4 rods and & LPRPM strincs. Hewever, ¢roups

_at the periphery may contain‘only 1, 2, or 3 rods and LPRM
strings. Digital displays for missing rods will be blank.

b.

C.

" d.

-
f=3

~

-2 ,d,__Centerlwhjte,1ights_indicage,which rod of group is selected.
3. Pushbutton Select Matrix (Panel 9-5 Apron Section) (Figure 4)

"a.  Arrangement

Arr%ngement of pushbuttons corresponds to arrangement of rods
in core. - ’

Pushbuttons

Each pushbutton selects one of the 185 rods in the core. More
+han one rod ‘cannot be 'selected at the same .time. Pushing 2
second pushbutton deselects the first.

Backlighting (White)
1) Bright backlighting on pushbution indicates selected rod.

2} Dim backlighting is used by Rod Sequence Control System
for rod group identification.

LPRA Input to RBM System - -

Sushbution also selects LPRM strincs for input to meters and
+5 Zod Zlock Monitcr (RSM) system; initiazes 28 nulling

sequence” (discuss in Rod Block Monitor presentation].

“anuzl Control Switches on 8-5 Panel {Figure &)

CiD Control Switen

1} " Three Positions (Listed Counter Clockwise)

e @) wRodAOut Notch °

b) Of

-t

¢} Rod In

z% .Spring Return o OF7
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CRD
1)

[N ]
—

3)

Initiates rotzh in and rotch out cycles {notch movement

vt

means maving control rod from one even position indication
+o the next, i.e., one notch on the CRD index tube).

'I0TE: Also supplies signal to RSCS Group Notch Control

- Logic indicating direction of controlrod movement.

If held in notch out, will complete one notch out cycle
and stop. )

If held in Rod In, will move rod continuously in until
released.

Notch Override Switch ’
Three Positions (Listed Counter Clockwise)
a) tHotch Override

b) Off

‘c) Emergency In

Spring Return to OfF

llotch Override Position

o

)} Alicws for continous withdrawal of control roc.

5) dsed in conjunction with Rod ovament Certrol
Switcn Neotch Out position.

=) Insures deliberzte odgrator action for continuous
wiTnorawal - must uss

<40 hanas.

d) Must be moved before cr simu taneously with rod mecve-
ment control switch.

e) Z2mber light above switch lights during notch override
aczion.
ncy In Fositicn

werd 2

11

z) 3Bypasses &ii interiocks &0 insert rogd 2xcept 2od
worth Minimizer (R.a%) insert block &ng any seject
blocks.
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b) Acts directly on directional control valves - bypasses
timer.

c) HNo sett1e‘¥unction - forces water past seals in CRD
while settling into notch.

c. CRD Rod Power Switch v

1)

Two Positions - On, Off - :

" 7'2) “Furnishes Power to Select Matrix

3) Only Method of Manually De-seiecting_A]1 Rods

.7 4) Never Turned Off During Normal Operation

" d. 'Rod Drift Alarm Test Switch

"~ "1} Purpose o

To test drift alarm circuitry.

2) Three Positions (Listed Countgr4c1cckwise)

a)

Test
b) Neutral o
c) Reset

Spring Return to Heutral

Operztion S : Tt i

v

2 rod ‘pesses &n oad numberecd reea switch position
ér the normal ‘timer cycle, the rod drift alarm

1 actuate. This switch will provide the reset
the drift iicht after rod is in the proper - even
numbered - position. - .

[¢0]

)

(e}
pr

b} Any rod that moves frcm.an even numbered position
when i+ i not selecied or being positioned, wiii
sive 2 drift alarm immediatsiy.

.

¢) Testing is performec oy holding tne 1est Sw
'+e5+" whije moving a conircl rod. The cri
w31l actuzte when rod pzsses odd numbered reec
switch.
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d) During normal rod movement, the c¢rift alarm is bypassed
on the selected rod while the automatic sequence timer

is cycling to permit the normal sequence without an
alarm.

- e. Timer Test Switch

1)

5)

O
g

0
—

—t
(o)
—

-
—
~——

Purpose

To test the operation of the auxiliary timer and select
block functions.

NOTE: A select block is an interlock which deenergizes
the select power to the select matrix deselecting
the selected rod and preventing further selection
of rods until the block has been cleared.

The withdrawal portion of a normal notch out sequence takes
1.5 seconds.

A 2 second auxiliary timer monitors this interval.

If withdrawal signal is sent to directional control valves
for more than two seconds, auxiliary timer will time out.

when auxiliary timer times out, it will gererate a select
block which-deselects rod.

This prevents a Taulty master timer from causing an uncon-
troiled withdrawal signal.

Aux. timer is defeated by CRD iWotch Override switch.
luxiliary timer functions only curing witndraw -orzicn 7
notch out cvcle: it does not operate durina anv other kind
of rod movement.

Three Position Switch

z) Test

51 Neutral

¢! ZRese:

Spring Return to ileutral

Test Fosition



a) Allows Testing of Auxiliary Timer
b) Starts Auxiliary Timer and Lights Block Test Light

c) After 2 seconds, the block test goes out, select
block light goes on, and select block deselects rod.

12) Reset position - resetsiselect block after test or after
real timer ma]funct1on has been c]eared

. 13) Neutra] - no contacts made

y

f. Switches on panel 9-5 apron section not part of Reactor
.. Manual Control System.

D 1) Manual Scram Pushbuttons
a) Part of Reactor Protection System

. b) Allow operator to manually scram reactor control
. rods

. 2) Scram Raset Switgh gNot Shown)

a) Par; of Re»cuor prOLECtTOH st-em
b) Allows operator to reset scram relays after initiation
sicnal has cleared.

)

~

Mede Switch
"2) Determines Mode of Reactor Operation

1) Shutdown /

2) Refuel

3) Staertup
-4) Run . - i}
Reactor parameters /+emperature, pressure, neutron

flux, etc.; determine wnicn mgge reicIor can De ODET-
zted in without protective action {scram or isoisztion).

. ¢} Interlocks with f
rod biecks (See

o
—

geactor “enual Centrol System on many
ection I).

N o

N Q0
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Tndizeting Lights on Pznel $-5 {foron Secticn) {Ficure Ly

a. Movement Control Lights

)

[

wr

Rod

a)
b)

c)

Rod

Rod

I

Qut Permissive
White Light

Indicates Mo Rod Withdraw Blocks Present

“NOTE: RSCS Rod Withdraw Blocks Do Not Affect

This Light.
Rod cannot be withdrawn if 1ight is not 1it.

Has no effect on insert motion, i.e., rod can be
inserted with light out.

Qut Settle

Amber Fight

Indicaies rod is in settle portion of cvcie.
directional control valve 120 is open.

Out

Ped Light

Indicazes withdraw signal sent to contrdl veives.

Directionzl centrol valves 120 and 122 zre oben.
In

Greaen Light

Indicates insert signzl sent tc control valves.

irectional control vaives 121 and 123 are orven.

P



2} Red tight’

'b) 'IndicateS'se]ec Block-f;om:timer nalfunction
2) Block Test
a) Mhite Light

b) Illuminated when timer test switch taken to test.

. ¢) Used for tiﬁfﬁé’%uxiﬁ%a}y timer
Refuel Mode One Rod Permissive Light
1) White Light %
2) Lights in refuel mode only when all rods are at 00 or

in full in overtravel (discussad later under Rod Position
Information System):

6. Automatic Sequence Timer (F%Quresgé and 7)

Purpose

o control the sequence timing of the normal insert and with-
drawal rod movements. One timer controls both cycles.

Multifiex Timer

1% O9riven by synchrcncus seTzr -throucn scienoic ocerated

cluteh.
z}) Cam o1éte operates contzctsr
3) Rset by Springmwpeﬁ clutch is disengaged.
7 Cohtattsion~Tiﬁer‘: e

s

1) Timer Interldck -and Reset {0-¢ sec. )

a) Séals in Timer :Sequence -

nc ¢ Secuence

1

o) Resets Timer at

[N ]
st
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3
—
n
ct
0
3
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™)
o
t
(@]
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()]
wn
D
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Znergizes insert bus (valves 121, i23) to drive rod
in far enough to release collet fingers from index
tube notch so that rod can then be driven past that
notch.

b) Part of Withdraw Cycle

Drive Out (0.85-2.35 sec.)

a) Energizes withdraw bus (valves 120, 122) to drive rod
out past index tube notch.

b) Main Part of Withdraw Cycle
c¢) Follows Unlatch
Set=le Out (1.2-8.35 sec.)

a) Energizes settle bus (va]ve'120) to allow next notch
in index tube to settle onto collet fingers.

b) Part of Withdraw Cycle

¢) Overlaps drive out to keep from shutting and then
immediately reopening valve 120.

Drive In (0:4-3.3 sec.) '

z2) Znergizes inser: bus to drive rod in a little oast
next notch.

D) First Part of Insert Cycle

Settie In {2.0-7.8 sec.)

2) Energizes settle bus {(valve 120; to allow next notch
in index tube %o settle back onto collet fincers.

b) Completes Insert Cycle

c) Overlaps drive in cycle to reduce pressure transients
used Hv raversa: of fiow in withdraw and insert
zders.

cz2
T ne
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- 7) Cycle Aux111ary (049.8'sec.)'r

z) Generates rod driving s1gna1 to sea] in select matrix .
' and bypass-drift alarm.’

b) C1osed entire cyc]e until timer is completely reset.

, 8) . Either settle (insert or w1thdraw) timing signals RSCS
: _'Group Notch Contro1 that a timing cycle has occurred.

xRod Pos1t1on Informat1on System (RPIS) (F1gure 8)

!

Systam cons1sts of Co.

M saat

1) Probe 1ns1de CRD p1ston tubes containing 53 reed switches.

2) f1ectron1c< to trans1ate reed switch closures to numeric
position information.

4
.

b. Reed Switch Assemb1y
1) 33 °eed Sw1tches

2) gnated SO0 thruoh S52

_Switch  Inches
. Switch® from Full T

Sumber Insert- Control Room Display . - Rod Position

881 7 -1-1/4 -Greenciicht - Mo readout” Overtravel beyond full-in.
.S352 -2/8 Green light - No readout Hormal full-in (iatched;
<00 -0 /’AOO_readout; .+ - - Normal full-in (latched)
SO 3 - - -0l readout . Ll _ Hzlfway between 99 &nd G2
S0z & 12 readout -~ . lLatched position 02

Seg Tae 45 resadout - . uormal fuil-out (la chec‘
.Sa¢ jea Red 1ight - No readoue normal full-out (1 atche
.550 746 "Overtravel” annuncia- - Overtravel beycnd full- oue

t1on - no readout

(€9
s
(1]
(4R
om
po |
(o9
(l)
'J
—
=%
DY Ts)
=2
.ot
LW
=
3
ﬂ‘
o
—r
m
b
o’
o
<
(1

(14
—d N
b}
[N
NTe )
-
i
m
3
—
-t
[{&)
e}
ct
n
7]
3
(@]
=
[ &l
(%]
sl
wn
O
n
n—
-t
-4
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=
cl
-t
po
[19]
)
3
(g%
-d
[t ]
-
(4
[0
-

U

Switches S32 and SO0 clese nearly simultaneousiy 1o
show 0 with green bazckliighting. ‘
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c) Switches S28 and S49 close simultaneously to show 48
readout witn red backligniing.

d) Switches S52 and S49 are also used by the RSCS.

(1) Provide "Full-In", "Full-Out" signals for RSCS
logic at >50% rod density.

(2) Bypass switch for each rod will allow bypassing
S52 or S49 (See "RSCS Lesson Plan).

e) - S51 picked up after scram - nécessary since rods are
driven to in overtravel and S52 won't be picked up,
which maintains green light.

f) Backlighting not present on 4 rod display, only on
full core display.

Position Readouts |

a) On Full Core Display (Figure 2)
5) On 4-Rod Display (Figure 3 and 3)

Trznslation Electronics

1)

(¥%]
~

Each position probe (each CRD Unit) has a printed circuit
card in panel 9-27 in auxiliary instrument room.

Card translatss reed switch clcsures :c nureric readout.
ectronic malfunction is detected, an RPIS INQP is
azed, indizating RPIS data may not be correct. IWOP
des:

z) Card Pulled

5} Internal Logic Stall

2PIS INQOP Gives Select 3Tock

2vavides positicn informatien to:

Process Compuzer and Rod Worzth Minimizaer
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a) Rod Select-Logic (Refuel All Rods 'In Information)

(§]]

) - Drift Circuitry (0dd Reed Switches)
6) * Scram Timing Recorder - | - -

.. .7) RSCS (Full-In, Full Qut ONLY)

F. INSTRUMENTATION

1.

¢

RN

Control, Room

a. Full Core Qisglay
b. Four Rod Display
c. Pushbutton Select Matrix

-

Alarm, Interlocks

a. _Annunciators

Annunciator - | _ Description

1

Pod Srift Rod not in latched position when rod not being

driven by Reactor Manual Control System.

RwH 20d Block Seiectg ihsert. or_Nithdraw biock from Rod Worth
Mjnimizer

Roc dithararal Pea.withdraw motion is blocked (Ses Tzbie 1 for
Elock -~ - 1list of.‘congitions causing roc blocks).

mod Select Slock- Red select block ceused by imer fziling in
Timzwr MaiTunc- wi:hdtaw;cyc1e; :
Tien . o

9515 Inoverative  Mezifunction-in RodPosition Information System

) .o . e - LT

P M . ): - A . .
Rod Overtravel Indicates & control rod drive has been withdrawn
ST -~ - -past LE..
ST T e - If occurs, indicetes that r0Z §§ unRCOUDIEC TrIT
Iz 7L crive. . e

(8}
.
(n
g
"n
ct

em 1nterlocks

¢,stem interiocks

nterne

1Py
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a) RPIS Inop Causes Select Block
5) Timer Malfunction Causes Seiect 3lock

¢) Rod Driving Signal Bypasses Odd Reed Switch Drift
Alarm

2) Interlocks on RMCS from Other Systémé - Rod Blocks
a) Select Block:
(1) Rod Worth Minimizer <
(2) Rod Sequence Contr51 System
b) Insert Block
(1) From Rod Worth Minimizer
(2) From Rod Sequence Control System
¢) ‘Withdraw (Out) Blocks (See Table and Figure 1)

(1) * From Nuclear Instrumentation
(2) From Rod Worth Minimizer
(3) From Refueling Equipment

——~

53 From Rod Seguence Control System

“0TZ: Bcd blocks are oresent while refueling to keep from moving
rods while core medifications are in progress. Tthis prevents
sading reactivity to core by two different mcdes simultaneousiy
‘-gving rods znd adding fuel). which wouid be 2 violation of
hasic operztional philosopny.

(5) From Scram Instrument Volume

(6) From Mode Switch in Shutdown

NCTZ.  Shutdewn mode implies all rods inserted. To assure this. woce
swi-cn s=nds scram signal to Rezcior Fretection System for
ini=32] Z seconds :hat swisch is in shuicown, inserting any

T nd is a cO

e
1 i
that mignt te withdrawn. &
570ck to prohibit any rod witncraw

3} Interlocks on Other Systems from RICS
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11

-
H

refueling equipment power interiocks from ali rocs in.

NOTE: This prevents loading fuel into the core while all.rods are not

full in. This minimizes the possibility of an accidental

“criticality during.fuel loading, since, .if fuel is loaded per

design, reactor should be shut down under all conditions with

. fu]]icore'loaﬁed‘and all - rods .in- (Refer.to Refueling Lesson
Pian). = .~ B AT ’

SYSTEM OPERATIONAL SUMMARY (Figure 10)

fue

1. Rod Selection

a. Rod Select Power

E I -

b. RSCS Interlocks Satisfied”
c. -ilo $eIect~B?oék 3T

1) é??S Inop :

2) R Select Block

2) “These select blocks seal -in during the timex cycie so that
-7 a roc cznnot be.deselected during rod movement.

" d. Mo Timer Malfunction Select Block
1) ot bvoassed by rod driving signal -sc it can deselect
curins zimer cycle.

2} Only detects malfunction.c? drive out portion of timer

K
i

cycie.
o. Seiec: —etrix pushoution chooses rod znd enargizes seisct
reiays if rod in proper sequence. .

~

1 f:; Select reiays connect timer tc proper directiona] centrol

5. =2oc moverent controi switch movec 0 "Rod-In" position {nct
3 £\ - o R
vy R
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"0 PSCS Insert Blecks

wo RWM Insert Blocks

Rod Movement Control Switch Not In Rod Out Notch Position
Insert motion is selected and sea]égxin for one timer cycle,

allowing drive in and settle in contacts to act on select
relays, and operates proper stabilizing valves.

Continuous In

(1]

Uses Basic Notch In Cycle

Generated by holding Rod Movement Control Switch in the Rod
In position.

This interrupts timer motor power at beginning of Drive In
cycle (0.2 sec.) stopping timer at that point in sequence.

Insert bus holds valves 121 and 123 open during this period,
and proper stabilizing valves.

“Jhen Rod Movement Control Switch is released, timer motor

restarts, completing Notch In cycle, moving control rod one
additional notch.

Insert block bypasses Continucus In, ccmpleting timer cycle
znd Slocking further insert motion.

RSCS Group ilotch Control also bypasses“Continuous in, allowing
only notch insertion.

oton Cut

)

(1]

-t

ert bW

Roc¢ Selected

bod movement control switch moved to Rod Out Notch position
o RSCS Qut Blocks

e 2cd6 Tut 31ccks

10 Wt Jut Blocks

\

]
’

iwlied (Oniy necessary i7 >30° Power
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g. Roc movement control switch not in Rod In position.

h. Withdraw motion is selected and sealéd in for one timer cycle,
. _allowing unlatch, drive out and settle out contacts to act on
select relays, and proper stabilizing valves..

Rod Out Notch Override

.a. . Requires .simultaneous actuation of both Rod Movement Control

Switch and Rod Out Notchioverride Swi tch.

b. Both switches must be held until one notch before movement is
terminated. o )

c. Uses Basic Notch Out Cycle
dl. Interrunts timer motor poﬁer.éi beginning of drive out cycle
(0.85 sec.) stopping timer moter at that point in sequence.

e. Withdraw bus holds valves 120 and 122 open during this time
and proper stabilizing valves.

§: hen switches are released, timer completes cycle, moving rod
one more notch. ’ ‘ - ’

- g. “ithdraw block will bypass notch override and restart timer

motor to complete notch out cycle 'end causes out block.

n. 3SCS Broup dotch Control zisc bypesses the noich Overrice
& icwing only lotch Withcrawai.

H

i. 3Sctn Rod Qut Noich Overrice énd Continous In are bypassed by
2077 insp so that timer will compiete cycle, removing vod
c~iving bypass f{rom select 5lock. which deselects rcc.

-tmergency In -

.- Allows for insertion of rods if the timer has faiied.
sec “imer seauencing anc enercizes +he 121 and 122 solenoid
iy, - - oL
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&. c.necks lengih of time drive cut conlacis stey ciosec.

b. Bypassed by llotch Override

c. Causes select block if Drive Qut contacts closed longer than
2 seconds.

Drift Alarm

a. 0dd reed switch closes or rod not select and driving is not
at a latched position. )

b. Check to see if that rod is driving.

c. If that rod not driving, drift alarm.

d. Test switch bypasses rod driving signal, causing drift alarm

during normal rod motion.

RELATIONSHIPS TO OTHER SYSTEMS

1.

[N

)

Power Supplies

a.

r

n

W O
(]
0

(9

)

(3 - ’
S.LC%

Select pewer and RPIS power frcm uninterruptible power M-M-G
set.

A11 other power-from instrument bus

b

uts to Other Systems

snerates directional controi vaives {-120, -121, -122, -123)
end stabilizing valves in CRD Aydraulic S/< e,

- Wl

'\1

Cl()

wn
ct
(]
>
-
o
h
[§]
e ]
1
[¢Y]
ct
'
(@]
>
ot
(w]

rad 9o

(I wn

a5ce.

(h
MY A

I
Srovides select information to RBM, RWM and RSCS Systems.

Spovides direction and movement infcrmation to the RSCS.

(¥a)

Trom Ozher

n

ySter

=]

s
“eutron Honitoring System

Zod worth !tinimizer

AL

(l)
(4]

“.zling Zcuisrent

o
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a. =oc Sequence Control System
e. Scram Instrument Volume
f. ode Switch in Shutdown
TECH SPEC REQUIREMENTS
There are no Tech Spec requirements directly associated with the

Reactor Manual Control System. These are listed in table 1 along
with other Rod Block functions.



Revision

Date

A. OFF GAS SYSTEM
B. REFERENCES SR

1. Boiling Water Reactor Systems Manual Chapter 8.1

I 2. Browns Ferry FSAR Chapter 9.5

-

3. Browns Ferry FSAR Chapter 9.6
4. Browns Ferry FSAR Chapter 1.6 i
’ 5. Peachbottom BWR Discussion 11.2 = ' -

6. B4R Radweste Manual Chzpter 3.1

(]

OBJECTIVES

L]

1. Purpose and Design Basis ‘of the System
2. Major System Components and Flow Pzths
3. Off-Gas Sources and Production

2, System Insirumentation and Isolations

(4]
(2]
]
o}
(o)
o
-
w
=
m
(]
-t
~h
g
0O
(oY)
ct
- Py
o
=3
wn

o
m

duce the off-site exposures at the -nearest site boundary
<5 than the established maximum 1imit (10 mr/year). based
nominal plant with-100;000 .c/second-noble gas cischarge
r a 30.minute holdup time. The system must be cepable ©f
mechanical ‘operation at releise’rates up 10 200,000 .c/secona.

" v O ct -
Hh 3 O
D M ~— =3

(b

~h ct

.. 7o.~inirize the ¢ischarce 67 oarticuiate daughter products.

~. ~¢ z3low resoonse time to abndorme

[+ 3

<
[

s
Wt

-
o
(&)
3
ol

ns.

Do minimize explosion heazard of hycregen and cxygen rixture.
s - v R

[(w

[y

¢ —ininize perscnnel exposure.
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z. iajor Components {(Use Transparency) (Figure i)
a. Aain Condenser Of% Gas Outlet
b. 3-Stage Steam Jet Air Ejectors
c. Pre-Heater
d. Catalytic Recombiner
e. Off-Gas Condenser
f. Water Separator
a. Dehumidification Coil
hn. 6 hour Holdup Line
i. Cooler Condenser
j. Refrigerated Giycol Solution Storage and Pumping Equipment
k. Moisture Sepaéator
1. Reheater

m. Pre-Filter

8]
wn
ct
o
O

P Y L Yol i =l T n e o T A Sy
CIMPCIENS DeSCPIPTIUN

1. *ain Condenser (Figure 2)

2. Suction from bcth end of condensers through 2 12" lines.

- "7 zpa 'C" zondensers have 3 11' vacuum brezkar on them
Wni2h can se scerz+sd from contrst room canel & tO vent A0

S
‘*r=a the condensers and break vacuum.

=: =zefer tc Condenser and Circalating Water lesson plan
for mere de*ail of concenser design.
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2. Dff Gas Inlet Isoletion Valves (Valves 2 - 7 cn Figure 2)

o]

. 12" electric-motor operated butterfly valves (6 valvesj.
b. Located in low pressure feedwater heater area near condenser.

c. No automatic features to valves operator controlled from

control room panel 8 switches.

3. Precooler

. ‘ .a. Located just above SJAE room in turbine building

I

]

- i

1. Adj;cenﬁ‘fd'éonﬂéﬁ§er\vacuum hogging pumps

~

‘4. Steam Jet Air Ejector (SIAE) (Figure 3)

z. Three-stage unit Jocated in SJAE room Off turbine building.

First Stage

-a)

b)-

A

c)

Utilizes inter-condenser for exhaust

(1) Condensate system provides cooling medium

Norma1‘steamfflow'pathcffom main steam equalizing
header through motor operated isolation valve and
pressure control valve set at =200 psig.

ilternzte steam tlow path from house beiler for
startup. S -

Second Stace

y)

b)

O

" Tzkes a suction on intercondenser.

Steam driving flow same as first stage.

Third Stage Discharges to 0ff-Gas Pre-Heater

-

-3
- through & motor operztec jsolztion valve 2an

ﬂoéﬁé] steam from mian steam eaualizing he ger
I 2
nressure control valve Set 2u 62 psic
Liternate steam Tlow nath from nouse boiier for
sia

Dilutes hydrogen gas concentration o iess than
2

. by volure.

Provices system criving Torce.
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(0]
~

Zir line from service air for syszzm purge pricr
to startup.

f) Provides driving force for H2 analyzer sample.

4) Normal flow rate of dry gases at air ejector at 130°F
and 1 atm.

a) Between 200 and 300 SCFrM
b) Off-Gas Composition

154 SCFM H2 (from Reactor Water Decomposition)
77 SCFM 02 (from Reactor Water Decomposition)

18.5 SCFM Air Leakage (Inleakage to Turbire
Condenser)

46  SCFM Water Vapor (Saturate
- . 195.5 SCFM

5) Valve Control (SJAE Unit "A" Described Unit "B" Functionally
Identical)

a) Motor Operated Steam Admission Valves (Valves 155
and 172 on Figure 3) from Main Steam.

(1) Normal Open tnrough Contrci Switc

127 Auto Qoens if:

P

a) Auto start if SJAE 'S" Initiatea or

o~
@]

5} <Condenser Vacuum is not >20" Hg Vacuum or

(

(9]

) SJAE "A" does no: have 2 start signal to
it.

Air operated steam admission valves (valves 15) and
166 on Ficure 3) from main stezm

I
—

{1} Noremal cper 3nC conIrol SIsaT orassure 27 200
psig through control switcn and timed delay 1t.

) SJAE "L" has a start sigral,

[«1)

t
\

(

(@

) Condenser is 20" hKg vacuunm,

(]

SJAE '3" oiaticn motor Joerztad
h]
1)
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(a) Condensate pressure 10 SJAE congenser "R
is 60 -psig,

(e) SJAE condenser “A" condensate inlet and

outlet valves are not closed, and

(f) If pimé delay above has elapsed steam pres-
Sure must be above 190 psig or valves will
close. )

E\'(Z) ‘ Auto open with same permissives above if con-

(3)

trol switch is in auto and an Auto Start of
SJAE "A" is initiated.

Auto closing of the valves occurs if any of the
above permissives are lost.

Air ejector suction and discharge valves {valves
11 and 14 .on Figure 2)°

(1)

Suction Opens if:

(2) SJAE "A" has a stert signel,

(b) Condenser vacuum is 20" Hg vacuum, and

(c) The conﬁéoi switch for the valve is in open.

V- Suction closes if any of the zbove sicnals are

lost.
Discﬁarge Opens if:
{2) SJAE'"A" has @ stert signal,
) Coﬁdehé&r vacuum is 220" Hg vacuum,
(¢) Main steam pressure is 2150 psig, and
(d) -The control switch is in the open position.
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Discharge closes if any of the above signals
are lost.

"A" Start Signal

Signal "A"

(a) Off Gas Pressure <10 psig in one of two
logic,

(b) Off Gas Temperature <165° twice, and
(¢) HS-90-155 in Auto.

Signal "B"

(a) 6ff Gas Pressure <10 psig is twice,

(b) Off Gas Temperature <165°F in one of
two logic, and

(c) HS-90-155 in Auto.

From the above logics it follows that any of

the following combinations will terminate the
start signal.

(a) Both pressure switches sesing >10 psig
in the hoidup volure.

~ . a 2dot - - ﬁﬂ-o
(o) Both temperature switches seeing >165°F
in the noldup volume.

(c) Either of
210 psig w
seeing »1865

he pressurs switches seeing
<h ci-her temraratures switch
CF in the holdup voiume.

<
1
tart of SJAE "A" Initiate

SJAE "A" Stezm Iniet Control Switch in Auto,
SSAZ "AM Suction Vaive in
SJAE '3" Stezm Inlet Valve Openec.
Condenser Vacuum <25" Hg. Vacuum, 2nd

SJAE nes a Szart Signal.
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5. O0ff-Gas Preheater - (Two required one operating one standby)

" a. Location - Recomb1ner Room of Turbine Bu11d1ng

+

b. Purpose

_ = 1) Superheats steam-gas mixture exiting from the steam jet
e ~~-air ejector for efficient cata1yt1c recombiner operation
(~350°F).

-7

3 B I3

Sl : a) Alarm in control off gas _temperature from preheater
-7 %+ :. - .low set at 2000F.

2) Ensures absence of water wﬁich’poisons recombiner
a. e oo catalyst. o .-

%

c. Type

| 1) U tube heat exchangers 5.8 x' 105 Btu/hour each

. 2)‘ S1ng'le pass carbon ‘steel shell (Off Gas)

o~ - - a)-.Shell design pressure 350 psig and +emperature £00°F.

3) Hulti- pass stainless steel tubes (steaw) .

-~

. ‘ : a) Tube des1cn pressure 1000 'psig and 5750F

d. Stezm used for heating rather than eiectric to orevent

axplosion. )

1) Steam from main steam equalizing header through pressure
regulator at psig for normal operztion.

(A%
- o
w

eam From ux111arz boiler ‘nroucw Dressure recu
- psig for. stariud.

o
ct ot

3) Limits. temperature to '400 F An event of loss of
off-gas flow.

%} Heating steem drains to main-condenser.’

sne STEnchy;

(3]
(@)
o

wy

+z1y=ic Pecomsiner (T‘.-:o' reauired one ozeratin

[31]

_scztion - Pecom biner. Doon of Turpine Builaing
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b.

C.

Purpose

e o

1), Recombines® hydrogen and oxygen gas into water vapor
' (superheated,,--am) at.a_variable temperature based

b

y on’H, ‘and 05 “(normal 1y 8009F).

2) Must reduce hydrogen concentration to~<1“”ﬁy vo]umeé
for conditions of low air flow. (Défined as one= =third
normal air flow.)

a) An'intentional air bleed equa] to low air flow is
used when turbine condenser air in-leakage falls
below minimum.

3) Catalyst causes mixture to burn slowly rather than
explode.

a) Design heat transfer 2.2 x 106 Btu/hour/unit.

4) Freons, oil, halogens and water act as poisons to the
catalyst.

5) Each recombiner has an external heating element to
keep the spare unit at 3500F.

5§) Alarms in control room catalyst temperature off normal.

a) High - 875°F

5} Low - 385
Construction
Stzinless steel cariridge, Eow a1loy steel shell. C=“1j
sarzricce contai rwM g precious metzl cata]yst on nichrome
strics or porous, nondusmnc ceramic.  ‘Catalyst cartridge
0 e replaceable without removing vesse1 350 psig cesign
nressure. 9000F design temperature.

Of¥-Gas Concdenser

[¢1]

(1

s=ion - Reccmbiner Recm of Turbine Building

m \]

urpose - cools Suaerneated s+eam and condenses water vapor.
Fjuenz will be 130°F.

-
-mf

2 < .2 EBuu/ncur.

-—

-

n)

. Rezed 1.



, ':' 2) " Multi- rass Stainless- S teel Tubes 600 ft.

(3]

0

-10.
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c. Type - U-Tube Heat Exchanger
'1). .Single Pass Shell (Steam and Air)

“"a) Design Pressure 350 psig
2 Surface
Area (Condensate)

. 2)- Design Pressure 250 .psig"

d. Coolingrwétengfroﬁ condenser hotwell downstream of gland
seal condenser.

e. Dra1ns to ma1n condenser (grav1ty and vacuum)

f. Gas flow downstream of condenser cons1sts ma1n1y of air
inleakage (18.5 SCrM) and nob]e gases.

1) &larm off gas condenser gas outlet tenperature high
at 140°F.

. 2) . Rlarm’ gas flow off condenser d1scharoe h1gh 13.5 SCFH,
S ow 4.0 SCFM. - . :

Water Separator -

a. Removes moisture entrained in off-gas cendenser effluent.

b. Drains %o off-gas'condénsef.
c. caroon Steel shell, ainless steel wire mesh.

¢. Tesign conditicns 350 psig and 250°F.

Senumicdifizsr Coil o

&. Located in o.f gas p1pe chase of turbine building.

6 Hour Holduo Vo1ume }
- ~ oot 7 - ¢ *
&¢. Descrigp 1onr- 54 inch pipe, 96 feet long, underground in
cyovimizy of ventilation-stack. - T -

- -

D. Sursose ' N .

-
-\
i
3

' Teduce Activity Cownsiream.
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2} dold for decay of shorter hal?{ .lived Xenons and Kryptons
to particulate daughters. Allows particles to be removed .
by the prefilter rather than the charcoal.

a) 138 3 138 . _8
sa¥e' T Trmime ssCs  (particulate) 35T o
b) 88 3 88 3 88
65 TE A R TemmoseSt  (staple)
(particulate)

c. Actual holdup time will be appréximate]y 6 hours with 18.5 SCFM
air flow due to removal of radiolytic H, and 0 This lowers

the flow rate and increases holdup time from ogiginal 30 minutes
to new value of 6 hours.

Cooler Condensers (Two required one operating one in standby)

a. Location

b. Purpose - Further cools gas-steam mixture for moisture contrg].
Cools to 4590F. I the gas is saturated at 45°F., then at 74°F.,
*he relative Humidity will be 33% which implies that the
moisture content of the gas is less than 17.

1) Rated 1.1 x 10° Btu/hour each

O

Tvpe - U-Tube Hezt Exchanger
"' Single pess stainless steel shell {vacor and zir!
a) Rated design pressure 250 psig

2 “ulzi-cass steiniess steel tube {water z2nd ethylene

¢} Pated cesign pressure 100 psig

o

Charcoal efficiency is a function of moisture content (Figure a3}

m

Jrazins *o eocuipment drains in Radwaste.

-h

Sesign specification for sysiem is <5= —gisture.

wm

f1vcsi Solu*ion Storace and Pumping Ecuicment

Ba'38(stable)
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b. Furpose - Suppiies cooling medium to cooier concenser.

c. Frgon rerr1cerat1on unit cools. glycol (temperature limits
33°F - 369F). .
d. Components Sl

©.o 1) ~Glycol Storage Tank -: -.- : :

a) 3000 ga]lon carbon stee] tank 7 5 feet in diameter
oo .. 9.5 feet h1gh R P

- - - . . - ~

2) Glyco] Pumps and Motor Dr1ves (Two requ1red)

a) 65 gal./min., 5 H.P. electrical - -. -
3} Glycol Tank Agitator and Motor Drive ...
I T a) Eliminates.Thermal-Gradients in Tank -

b) 2HP. o e

2) (Glvcol: Solution Refrigerators and Hotor Drives {7Two
recuired)
‘a) 9 x 104 Btu/hr each “single’ stage ‘'vapor CCRpressor,
20 H.P. e
b) Conventicnal refrigerazor.: units w/chiliin
conteined and pump excncneers giyecol e X3
sclution- temperature. 35 L=

3. Moisture Separetor {Two reauired one operating one stencby)

T . »"<a. Locztion - R T
) b. Furopse - Removes moisture from c“oled gas exiting cocoler
- uo oo condenser.. T o S0 e
7 . -Comstructicn - Carbon steel shell,’ 8 sinless steel wire
- T mesr, 350 psig design pressure, 120°F cesign terserature.
- os LTI rer : -
"4, Pehszter Lot - - ’
a7 Locavion L. o T
‘ : 3 " ’ & - - -7 -
h. ©Puroose - Hests gas to.optimun temoe rature for cnarccal
{77CF,
N e 41,534 22 o e -
c. Zimstruction - Carden steel “Sneil.tid §i° surfice aree.
,JJO 2sic process pipe cesicn pressure, ;EO psic sneli
szsien =ressure. 2000F srell anc tube gesicn temlerature.
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153. Prefilter

Location - Filter Building

Purpose - Removes particulate daughter products (99.9% of
0.30 micron particles)

1) 160 c¢fm rating at 1" 2O AP "clean" alarm in control room
prefilter high &P, 10""H,0 &P

Construction - Carbon steel shell. High efficiency moisture
resistant filter element, flanged shell, 350 psig design
pressure, 1509F design temperature.

16. Charcoal Adsorbers

a.

b.

(D

-

Location

Purpose - Delay Noble Gas (Xenon and Krypton) by Adsorption
Properties of Activated Charcoal:
1) Hicn Adsorption for Krypton and Xenon

2) High Physical Stability

3) High Surface Area
3)  Low Pressure Drop
5) High Ignition Temperature {>480°F)

[$))

) Dust-Free Structure

Carbon zdsorber vault maintained at 77° 1'20 oy air condition-
ing unizs.

3ypass valve (valve 1138 on Figure 2) used during 1n1t1a]
startup and during periods of Tow activity operation. 111
close autcrat 1ca11y and the adscroer bed inlet vaive {113A
an Ficure 2} wil} —u»orau1c;:|; ocen if either of the <wo
caracn 5ed sarple sysem raciztion monitors sees a hicn,
nizh high or high high nigh aiarm.

Siz charcoal oceds with totzl weignt of 18 tons. Vesseis
zre & fzet in diameter with an overall heignt of 21 Teet,
75 Teet of

wnich is charcoal.

Cesizn cressure 353 psi

"y
[
)
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G. Xrypton and Xeron Holdup Tirme

. _ Kd M
“holdup  F )
Kd = dynamic adsorption coefficient (determined experimentally

for each gas) - function of temperature, pressure and
moisture content.

N

mass of charcoal (18 tons)

M

F

flow rate of gas and air (18.5 SCFM)
d . . . D
Xenon holup time = 181 hours (design specification assuming
. KXEmgogf\Expected to be-330 days. ~

4 1

Krypton holdup time = 15.7 hours (design specification
assurﬁngAgKr - 138) Expected to be >40 hours.

h. Decontamination Factor (Table'1) -

1) Definition'- The activity leaving charcoal bed after some
holdup time compared to before charcoal bed installed.
. 2). Very‘ﬁependen; on flow rate and fission gas distribution.

-

After-Filter R T

" a. "Locaticn - under near stack

b. Fijters radiozctive fines and daughters products which escape fTrom
. . irom charcoel. .
c. Copstruction icenzical to prefilter -

~a., Isolates Off Gas Release to Stack

b. Zir Operziad Gate' Valve -~ '- g

c. ‘or-al apen and cicse control on contrel room sénel 2
c. tuto cizse if hich radiation it detected by :the carben bed
. serple system.
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1) Two Elements

a) Isolation Logic/Upscale H1gh High High and Cne
Cownscale .

b) 2 Upscale High High High or

\

c); 2 Downscale

e. Auto Closes if SJAE Start Signal is Lost
Dilution Chamber and Fans

a. Dilution Chamber (1 Per Unit)

1) Purpose - provide a volume to mix fresh air provided
by the stack dilution fans with off gas prior to stack
discharge.

a) Dilutes in residual hydrogen prior to release
precluding an explosive mixture in stack.

b. Diiution Fans

1) 2-100% capacity fans/unit

a) Stancdby pump auto start (i selected to auto) on
trip of running pump.

2) Suctien from fresni air discharge *to cdilution charter.

Stack

3. S°rovides for greater disgersion of fission gases than 2
~c¢F too discharge.
Vel s sos s : e w133 .. -

5. “ain sourcze of activity leaving stack "is Xe with & 7y,
of 5.3 days. !
e s 83 -

c. “ajor source of long lived ac.1v1g/ js Kr~” 110.5 year half
1i%a) wnich contributes <20 wc/second.

(@)
(h
.n
(11}
[1}]
ot
9]
)
UR)
hin 34

Zcnzanser Fecging Yacuum Pump

-

[¢1)

icn - Just above SJAE rcom in turdbine building near
1
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1) Seal water pump is running, : -

Gland Sezl Concenser

- 15 -

Flow (rated) 3000 SCFM @ 15T Hg

temoves air from condenser shell and establisnes sufficient
vacuum for condenser operation at’ 20 to 25" of He.

Requires sea]ing'water‘from pump to operate.
Discharges to stack via the gland seal holdup line.

Hogging pump can not be started unless: - S

2) “Main steam Tine radiation is <3 x normal, and

3) ‘Qthenser vacuum is 27" Hg.: e
Hggging pump wi11—auto trip if:

1) Condenser vacuum is 227" Hg,’or ‘ ;

2) Main steam line rad. is >3 x normal; or
3) Seal water pump trips, or:' -’

2) Concenser vacuum is 222" Hg and Rx. Pressure is >60C psig.
Hogging pump suction valve will auto close 4+

1 Main steam line rad. is 33 x normal, or’

]

2' Concenser vacuum is 322" Hg and Rx Press 2600 psig.

Locezieon - S;AE rRocm

-Concenses burb1ne sezal sgeam and rc“oves non -condensabies.

-

Sing\e pass gland steam, doub]e pass coo11ng water.

Discharge flow path™” T : o -

3 xhausters (SPE .f .

m

am Packing

(AN

1

¢!
(b

¢} uormally meintain 10-12 inches-of

wateyr vacuum on
condenser by tnrOtLI ing ¢ 1scn=r"e valve

tn

A
(0]

5) tandby_un1t iyso starts if.vecuum falis to
V& CUUR. Do '
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2) 1.75 minute holdup pipe
a) 24" pipe 1750 feet long
b) Allows decay of N9, 0!°.

3) Contributes .8 mR/year at site boundary.

F. INSTRUMENTATION AND CONTROLS

1.

"~y

0ff-Gas- Pressure High ( 10 psig)

a.

(e}

-1
-h

13

(8]

[+7]
.

-h

This is a 1-out-of-2-twice isolation logic which protects
against an explosion in the holdup piping. It should be
accompanied by a high temperature alarm if an explosion
has occurred. Either trip channel will alarm.

The following valves should isolate: (valve numbers refer

. T0 Figure 2)

1) Off-Gas Isolation (28)

0~

)
) Filter Drain Valves {Not Shown)

3) Holdup Volume Drain (Not Shown)

4) Dehumidification Coil Drain (Not Shown)

3) SJAE Discharge Valve (124, 18)

&) SJAE Steam Isolztion Veive {FCY 1-135, FCV 1-15€ on
Figure 3)

7) SJAC Drain Yalve (Mot Shown;
JAE Air Inlet vaive {11, 13)

9) SJAE Steam Control Valve (PCV 1-151, PCY 1-i-1533 on

This is @ 1 out of 2 logic that orevents cpening drain
valves and es*abliches en aiternate “low path for offges
“low when the off zfas systam is in use.
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The following valves should isolate:

1) Dehumidification Coil Drain Vaive

2) Filter Drain Va]bes -
. 1

3) Ho1dup Vo1ume Dra1n Va1ve

.

Ma1n Steam Pressure Low ]50 ps1g

ad.

This is-a one out of t 10 1oc1c which prevents attempted
air ejector operat1on w1th out- sufficient steam pressure.

. The following valves shou]d auto isolate:

1) SJAE Diséharbe Valve .
2) SJAE Drain Valve

3) - SJAE Air Operated Steam Admission Pressure Control
Vaives ) o

a) Time delay around isolation for startup

Adsorber Off Gas Radiation High

o

s

or
.

. Two radiation elements.in off.gas sample system

2 Llarms - P . .
1) . Hi Ri-E1 1.13 » 107 cps
' ' ~ 0 - 4
2) Hi Hi Z.21 x i0 cps. .
4

——

ey - . - < -~
- =i 53,82 v 10Q7.¢pos

(%)

&) Downscale

Trips Off Gas [solation Valve (28 on Figure 2) -~

-4

' 3oth Chznnels &1 Hi Hi or

"Ny
~—
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d. initiates charcoal adsorbers by opening adsorber inlet
salve (1122 Tigure 2) and clesing adsorter bycass valve
71135 on Ficure Z)
1)  Any Charnel Hi,Hi Hi or Hi Hi Hi
Condenser Vacuum Low <25" Hg Vacuum
a. Initiates Air Ejector Auto Start of Selected Standby Air Ejector

b. The following valves should respond:

1) The steam admission valves (motor and air operated) for
the standby SJAE should open.

2) The motor operated steam admission va]ves for the running
SJAE should shut.

Condenser Yacuum Low <20" Hg Vacuunm

a. Ensures sufficient vacuum has been established prior to SJAEL
initiation.

b. Auto close *the following valves:

ey

) SJAE Suction Valves (11 and 14 on Figure 2)

2) ' SJAE Discharge Valives {15 and 18 on Figure 2)

!

SJAE Trzin UYalves (Mot Shewn)

vt

2% SgAL S+zan Admissicn Valves {Motor and Alr Operated)

[P, - Ml At " : Ve e
Concenser Jzcuum High >27"% Eg Yacuum
- mmnpapmn mmzpa=ian Af fAardzrcew Vacyum Hocainc cumn ohen Ch
= “yEventt ZIlevrethion O LanlTheg VAaCUUT ROCGINE ZLEZ WNEN -
15 Tmproogr TO dcse.

ion -f concensar vaiuum nccging zump under

ati
igns and isoleztes nogoing cump SuUCTiIOn veive
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Hogging Pump Seal Water Pump" .

L

Trips and-interlocks trippec :the hogging pump {o prevent
carncge

Main SLeam L1ne Rad1ct1on H1 Hi
a. Prevents hogg1ng pump operat1on after fuel element failure -
"by tripping the hogging pump and jsolated it's suction valve.

. Gland Seal Condenser Shell Side Vacuum-Low <5" H20 Vacuum

a. - Auto starts nonrunning steam packing exhauster

:"SJAE -Condenser Condensate Pressure Low <60 psig

&. Prevents opérafﬁng SJAE with insufficient cooling water flow.
b. Auto shuts SJAE "air operated -steam admission valves.
c. Interiockszoff of the SJAE condensar condensate inlet and

outlet valves will do the scme th1nc if e1ther of them
gre ‘closed. .©°.- T -, - . ..

Major Alarms ., o

a. Off Gas Average Release Rate wiil. be exceeded

~——

i1} Indic

g
vyoiyme
VG UMmE

tes activity in.the early portion of the holdup
is »2500 mr/hr. )

s
1N

Szs Racietion Hign

activity in :he eariy scrtion of tne heicdup
NP-Salala ,
=53020 mr/hr.

- )
S
(3
—1 ),
go
dJ0
ct
-1 (D
tn un

¢. Stack Gas Radiation High

——d
—

d¢. Stack Gas Radiation High High . . - -

)

1% Indicates activityinign in stack gzs semple >7.€ x 307 oo
{
o ' Ao EETEEVAY
e. L[F7 Gas “vorcoen fnalyzer Hign Ajerm 1 ot
1} ingizates recompiner Tzilure anc ~0ssible exnlosive
miv=ure &t the inlet 57 the hcidup vciume.

" - C s 3
Indicates activity high in stack gas sample >3.8 x 107 cobs

tn
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“h

0ff Gas Filter P High (10" H
or atter filter)

20 at either operating prefilter
7Y Indicates need to switch Tilters
g. ?reheater Discharge Temperature Low 200°F
- h. Recombiner Catalyst Temperature High (8750%/Low,350°F)
i. Off Gas Condenser Gas Discharge Temberature High 140°F
j. Off.Gas Condenser Gas Fléw High (13.55 cfm/low, 4.0 scim)
k. Cooler Condenser Discharge Temperature High (48°F/1ow, 42°F)
1. Glycol Solution Temperature High ( 36°F/1ow, 33°F)
m. Gas Reheater Humidity High 48°F Dew Point
n. . Carbon Sed Temperature High 80°F
. 0. Carbecn Vault Temperature High 20°F
G. SYSTEM FEZATURES AND INTERRELATIOHSHIPS
1. Gas Sources
. a. 5rywe11 Purge

5., Ventilation Systems

' =agweste
2. Turszine Euilding
Seac=or Suiiding

¢. G3iznd Seal Steam

Vacuum Pumb

(2%
~
D
(4]
o}
m
3
-
0
fu
—

1)
(Va]
é
Y
rn
<)
—e
wn
O
o |
[o}]
-3
(Y]
(1]
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, Product1on D1rec;1y Proport1ona1 to Rchtor Power

)' ’03 - 055 SCFM/MW

thermal”

a) 18.5 SCFM_ .
. Ac}%vation Gases . . o
16 j R - R, R
é) g0+ n—— N4 1P
168, 16 3
J.x7N’ 7.4 ‘secC. 80“ f;Y IR ST NN
.18 0 ] .19
b) " 0" + N >g0
e 619 8" L 519 .
8 29 sec. S 4 T
Q) 16, o SN LI "
80 . ]P > Il " 2-—{e
N S < I
AT w6t Y -

d)” Important beczuse -tney make; .the .system a significant
radiation hazard during operat1on .

Fission Products (Noble Gasesi':

a, ;a(e]3° Tyi2 0 hours .- -
" . - FEE- ~
5) W% Ty, 3 hours
¢} -.n9133 T. .. 12.2 min
58 ) /2 )

]3] 1 &

d) Al (soluble in water) T 8 days
53 _ 1/2

v 133 - =:n= :

e) SdXe - f1/2 5:27 davs {most prevalent scurce at

s"cli
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Diluticon of air ejector off-gas with steam to less than &4 sercent
hydrogen by volume to eliminate the explosion potential.

Pecombination of radiolytic hydrogen and oxygen into water *c
recuce gas volums ¢ be treaied. ~rocuces superheated stezm.
Condensation of bulk water vapor.

Lag storage of the gas Tor 30 minutes to decay the bulk of the
short-lived isotopes.

Further condensation of moisture frem the gas to a 45°F. dewpoint.
Reheating off gas to ambient temperature (74°)
Filtration of solid decay daughters from the off-gas.

Dynamic adsorption of Krypton and Xenon isotopes on activated
carbon at 770F, )

" Final filtration of off-gas.

Honitoring of off-qas.
Disposal of decayed ofi-gas to atmosphere.

Returning ccndensate to process or the waste system for cizanup
or recycle.

TECHNICAL SPECIFICATIONS

&. .ntent: Xeep as low as pessizie: in any event, within
10 CFR ZD 1imits.
=. Ins*zntaneous Limits
1. Gross activity, other thar --131 and particulates with
e day T :
Y N2
0] 2,
- [ -
5.13  T1.26 -
hers
2, = release rate from cuflcing exhaust fans in 7 secs.
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- 0, = release rate.from main stack in Ci/secs.

'a) ‘Orderly reduction of pover until within limits

~y

) I-127 ana par;ﬁcu?a;es.with:71/2~>5 ceys

’

, 9% %
ot 3 otar g
) _where: o
Y “'03'= re]ease from bu11d1ng exhaast vents in Ci/secs.
. 04-= release rate from main stack in C1/sec.

-

a) 0rder1y reduct1on of power unt11 w1th1n Timits

i

+

1)} Gross Ga<eous Activity S o

a) .10 Ci/sec. averaged over any-calendar quarter

... " (1) 'Calendar auarter defined in 10 CFR 20.3

paragraph (4) . .- - .
S S "(a)" 512 <14 consecutive weeks -

ST o (b) F1rst quarter begins in January
[ i -
o (c) !o day Muy ‘be 1nc1uded in more than one
- ‘ calendar guarter or Gm1uu-d from any
calendar cuarter. .-
St 7wy .05 Cifsec. averaged over any; &2 hour period must
ae rcooraec in writinc to the-Director, Directorate

~

o. L1cens-rc 1n 1% devs.

- 1-131-and oart1CU|aaes 41;5 ]/5'>E days

a) 8_C1/sec. averaced over any calencar guarter

ST (1) e, 1.¢. ]) c) (1) above'—or calendar quart

-7 7 definit fon

- Lo STl : - PR .
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b) .4 Ci/sec. averaged over a week must be reported
in writing to the Director, Directorate of Licensing
in 10 days.

S )

[¥4]

(L M

for Jotal Ges znd I-13) and rarticuiates win T
l/s
J .

W

172

1) 10 CFR Part 20 Appendix B Column 1 limits in unrestricted
areas.

2) Constants -determined by annual average site meteofo]ogy
and an exposure dose of 500 mrem/year whole body.

3) "I-131 and particulate with T.'/2 8 days also include
\factor of 700.

4) Reason I-131 and 8 day particulate limit is gross is
because 10 CFR Part 20 Appendix B, Table II, Note 2.c.
apply's more severe limits to relezse of unknown mixtures
than it does to know.

toring Requirements

211 radioactive gases reiezzsed to the environment shall be
mecnitored and recorded.

i} For effluent streams having continuous monitoring capa-
tility, tne activity and Tlow rate shall be monitored
eand recorded to enable release rates of gross radio-
activity to be determined on an nourly basis.

-

Zuring release from stack, the folicwing conditions must be

-—t
-

Y The aress z, -, activity monitor, the iodine sampier and
narziculiate sarpler shall be oseraiing.

z Isslz2tion devices capapie of i~ ting caseous reiease
razzes from the mein steck tc witnin tne values specified
zbove shall be operating.

to

[_—

-

Ffluent relezse path there is no monitor

auivalent menitor can be substitutzd to
£fjuent relezse na*h or no effluents

sed thrcucs thsz

o] 3 "'?:C.E av

] ) ke
Qo
S DM
. - 1
b et ¢k SV =k

£¥fuent releszse natn
tzzle.

P

s
-
[~
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A monitoring channel mey be out of service for &
hours for functional testing and calibration without
providing @ temporary monitor.

A1l waste gas monitors shaiil be calibrated &t ieast
quarterly by means of & known radioactive source.
Each monitor shall have an jnstrument channel test

at least monthly and & sensor check at least daily.

1f the requirements for the stack gas monitor are
not satisfied, the reactor shall be in Hot Shutdown
in 24 hours.

At least one main stack monitor channel must be operating
whenever any units SJAE, mechanical vacuum pump, oOr SBGT
is in service.

Mechanical Vacuum Pump Isolation

a)

b)

The mechanical vacuum pump shall be capable of being
aytomatically isolated and secured on a signal of
high radioactivity in the steam lines whenever the

main Steam isolation valves are open.

At least once during each operating cycle verity
automatic securing and isolation of the mechanical
vacuum pump.

Sampling Requirements

a.

Semples of offgas effluents shall be analyzed at least weekly
to cetermine the identity and quantity of the principal
rzdionuciides being relezsed.



